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Executive Summary 
The karst terrane of northwestern Arkansas is vulnerable to ground-water contamination because of the 
unique geology of the region in combination with the large volume of poultry waste spread on pasture 
land as fertilizer. The waste produced by more than l billion chickens and other poultry, and livestock 
operations constitutes a threat to ground-water quality because of rapid recharge of ground water 
through karst features and associated conduit flow of ground water through the bedrock. Although the 
waste supplies valuable nutrients to grasses, excessive nutrient loading to surface water and ground 
water is commonly observed unless carefully administered best management practices (BMPs) are 
followed. 
The project consists of five demonstration projects in three northwestern Arkansas counties. Activities 
of the project include a hydrogeologic assessment of the demonstration sites and ground-water 
monitoring of selected springs prior to and following BMP implementation. The project began in the 
fall of 1994, and federal funding for the project terminated in September, 1997. State funding was 
approved to continue monitoring until 1999. 
The hydrogeological characteristics of the region include rapid recharge of ground water through karst 
features such as sinkholes or fractures, variable thickness and composition of soils, structurally and 
stratigraphically controlled losing stream segments, and conduit flow through solution enlarged 
fractures. These features allow the direct intercommunication of surface water and ground water which 
illustrates the importance of BMP implementation in the karst setting. 
The physical components of the hydrogeologic assessment were defined by Dr. J. Van Brahana of the 
USGS office in Fayetteville, Arkansas. The assessment included field mapping of karst features, dye 
studies to delineate the recharge or capture area of the springs, and hydrogeological interpretation of the 
ground-water flow system at each site. This report is included in this report as Appendix A. 
Water-quality monitoring for the project was performed by the Arkansas Water Resources Center 
(A WRC) and the Department of Geology, University of Arkansas - Fayetteville, under the supervision 
of Dr. Ralph K. Davis, utilizing graduate research assistants and the A WRC laboratory. At each 
demonstration project, a selected spring was instrumented with automated sampling and data logging 
equipment. The automated samplers collect samples that are analyzed for parameters that provide a 
signature of nutrient and bacterial loading within the recharge area of each spring. The samplers were 
integrated with the data Joggers that were also designed to coUect other field parameters such as water 
temperature, specific conductance and precipitation. 
Water-quality monitoring at each site facilitated the hydrogeologic assessment through interpretation of 
the hydrogeologic setting and hydrochemical analyses. The water quality monitoring program designed 
and implemented for this project was intended to assess water quality variations resulting from the 
implementation ofBMP's within the watersheds of the selected springs. Significant data were collected 
over several storm events over the five-year project. These data were sufficient to characterize the 
quality of the water and to compare water quality from different formations such as the Boone 
Formation and the Batesville Sandstone. The data represent a valuable resource that may be used as 
background for much of the future water quality efforts in the karst areas of northwestern Arkansas and 
surrounding vicinity. Data collection was not extended over a sufficient time for viable assessment of 
BMP effectiveness. Given the large seasonal and storm driven variations in water quality at each site, it 
may not be realistic to adequately assess BMP effectiveness over such a relatively short time. It is 
recommended that these sites be sampled again over storm pulses at a designated interval of three years. 
Tbjs would mean the next sampling would occur in the spring of2002. 
Specifically, it was determined that all springs sampled were impacted by external sources of 
contaminants. Predominant water quality impacts observed at the springs were related to nitrate-N and 
fecal coliform. Concentrations of nitrate-N within the Boone Formation were generally below the MCL 
of 10 mg!L. Concentrations of nitrate-N in the Pitkin Limestone were observed to be consistently above 
the MCL. This is attributed to a point source of contamination within the watershed for Braly Spring. 
Concentrations of nitrate-N in water from Tanyard Spring were often over the MCL during storm 
events. The data indicate that groundwater recharge and flow to this spring occurs by a different 
mechanism than recharge and flow within the Boone and Pitkin formations. All of tlle springs were 
significantly impacted by bacterial loading during storm pulses. This appears to present the major 
groundwater qualrty concern for the shallow karst aquifer in northwestern Arkansas. Additional 
research is needed to better define the explicit source of these bacteria. the mechanism of movement into 
and through the aquifer, and the ability ofbacteria to survive within the karst aquifer. Significant health 
implications may be associated with the presence of these bacteria in this shallow open flow system. 
The main objective of the project involved implementation of karstic BMPs through establishing waste 
management plans (WMPs) generated by grant funded water-quality tecllnicians. The technicians are 
employed by the local Conservation Districts and are supervised by the Natural Resource Conservation 
Service (NRCS) District Conservationists. The technicians were trained by Arkansas Soil and Water 
Conservation Commission (ASWCC) in the fundamentals of karst hydrogeology so that more effective 
waste management plans can be developed. The training seminars emphasized "what to observe" when 
working in karst terrane, including karst features, losing stream segments, and critical soils which allow 
rapid recharge of ground water. The technicians and ASWCC worked with farmers in the recharge area 
of each spring to recommend and implement karstic BMPs. BMP implementation is continuing as the 
technicians add karstic BMPs to all waste management plans currently generated in the project areas and 
in the region. 
Although many existing BMPs were active in the project areas at the initiation of the project, numerous 
new BMPs have been recommended and implemented as a result of the project. Karstic BMPs were 
selected in 1994 from the list contained in the State's non-point source (NPS) pollution management 
program. Additional BMPs were added in 1996 as potential karstic BMPs. Added BMPs included 
Filter Strips, Livestock Exclusion (Fencing), Pasture and Hayland Management, and Proper Grazing 
Use. 
Karstic BMPs typically recommended and implemented include improved Waste Utilization, Nutrient 
Management, and Pasture and Hayland Management. Other karstic BMPs recommended and 
implemented included Waste Storage Structures, Filter Strips, Field Borders, Troughs or Tanks, and 
Composting Facilities. Some BMPs, such as Deferred Grazing or Livestock Exclusion through Fencing, 
were not generally accepted nor implemented by farmers following recommendation by the technicians. 
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Many of the corporate farms' managers are realizing that protecting water quality is a good public 
relations strategy, and may even be a good marketing strategy. Some of the larger corporations have 
required their contract growers to acquire waste management plans. ASWCC has approached other 
corporations, informing them of these actions with some positive results. In addition, most of the large 
corporate farms are assuring that proper dead bird disposal methods are being utilized. Improper dead 
bird disposal has been recognized as a severe threat to water quality in the past. Currently, freezing of 
dead animals with commercial utilization of the by-products or dead-bird composting are more prevalent 
in the industry. 
Karstic BMP implementation will continue on farms in the karst terrane of northwestern Arkansas, and 
hopefully, improvements in ground-water quality will document their effectiveness at the demonstration 
projects in the near future. To protect the ground-water quality of the region, it is imperative that 
funding for the water quality technicians be preserved to provide the technical assistance required for 
waste management plan generation. Expanded educational efforts to inform poultry operators and 
integrators of the potential for ground-water contamination in karst settings should also be implemented. 
It is also important to preserve cost share incentives for farmers so that applicable BMPs can continue to 
be implemented. In addition, the State should encourage the development of poultry waste markets to 
support land application of poultry waste where it serves a beneficial use without degrading water 
quality. 
J 
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Introduction 
This project is associated with subcategory 18: Animal Holding Management section of Arkansas' 
Section 319 Management Program The project meets proposed milestones for the Dry Waste Program 
Technical Assistance program for fiscal years 1995 and 1996 in the State Non-point Source 
Management program (NPS). The project also satisfies the mandated requirement for inclusion of a 
ground-water element in the 319(h) program 
The purpose of the project is to evaluate the effectiveness of Best Management Practices (BPMs) in 
preventing non-point source contamination of the ground-water resources in the karst terrane of 
northwestern Arkansas. Limestone and dolomite aquifers in the region are highly vulnerable to 
contamination. Ground-water studies performed in the region during the last two decades indicate 
degradation of these carbonate aquifers by nutrients and bacteria. The expeditious growth of the poultry 
industry during this period, in combination with the inordinate population growth of the region 
constitute a threat to the ground-water resources from both point sources and non-point sources of 
contamination. Potential point sources of nutrient and bacterial contamination of ground water in this 
region include residential septic systems, discharges from sewage treatment plants up-gradient of losing 
stream segments, and sewage sludge disposal sites. Non-point sources of nutrient and bacterial 
contamination are attributed to the disposal of poultry and Livestock waste. 
In northwestern Arkansas, the animal waste produced by more than 1 billion chickens and other poultry 
and livestock operations is a disposal problem which is exaggerated in karst terrane. Typically, the 
waste is utilized as fertilizer on pasture land where it provides valuable nutrients for hayland 
management. This provides a use for the waste while sustaining hay production. A problem emerges, 
however, when nutrient and bacterial loading to surface water and ground water results in water-quality 
degradation. To prevent this water-quality degradation in karst terrane, carefully administered waste 
management practices are required. 
The unique hydrogeology of northwestern Arkansas is typical of karst terranes where ground-water flow 
occurs through subsurface drainage. The region is characterized by rapid recharge of ground water 
through karst features such as sinkholes or fractures, variable thickness and composition of soils, losing 
stream segments which are delimited by the structure and stratigraphy of the underlying bedrock, and 
conduit flow through fractures in the bedrock. The resulting flow system differs from the classic porous 
media aquifer, where ground is more readily filtered and renovated as it moves through the sediments. 
In karst terrane, little filtration of ground water occurs as it moves through solutio ned enlarged fractures. 
Consequently, as water contaminated by nutrients or bacteria is recharged into a karst aquifer, it moves 
freely to weUs or springs where it can be consumed by humans and/or animals. 
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Project Objectives and Tasks 
The objective of the project is to evaluate the effectiveness of karstic BMPs in preventing non-point 
source contamination of ground water. This is accomplished through ground-water quality monitoring 
at five demonstration projects in northwestern Arkansas. The monitored springs are located down-
gradient from areas that receive regular applications of poultry waste. 
Each demonstration project involved a hydrogeologic assessment of each site, training and coordination 
ofthe Conservation District Water Quality Technicians fo r implementation ofkarstic BMPs, and water-
quality monitoring prior to and following BMP implementation. 
Demonstration Project Site Selection 
Four FFY 1994 BMP demonstration project sites were chosen during the spring and summer of 1995. 
An additional FFY 1995 BMP demonstration site was selected in the spring of 1996. Selection of tllese 
sites was based on the following factors: Karst maturity levelland use, available wells and springs for 
Sitt I - Dtut•r Sprbtg 
Site 2 - Braly Spri• g 
Site J- Ultlt Wildcat Sprin' ......_.~--~ _ _.__-LJ 
Site 4 - Stafford Spring 
SiJt S -Tanyard Spring 
Figure 1 - Spring Monitoring Sites in Northwest Arkansas 
monitoring, existing BMPs in use, location convenience, eXJStmg background data, and landowner 
cooperation. Each potential site was ranked in accordance with each of these factors prior to selection as 
a demonstration site. 
Monitoring of springs at the FFY 1994 project sites began in June, 1995. Ground-water monitoring at 
the FFY 1995 demonstration project began in March, 1996. Instrumentation and continued monitoring 
at the FFY 1995 demonstration project, Stafford Spring in Yocum Creek basin, began in December, 
1996. The locations of the demonstration projects are shown in Figure 1. 
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Hydrogeologic Assessment 
The physical components of the hydrogeologic assessment of each demonstration site were performed 
by Dr. John Van Brahana of the U.S. Geological Survey in Fayetteville, Arkansas. The goal of the 
hydrogeologic assessment was to develop a conceptual model of ground-water flow at each of the 
demonstration project spring basins. The conceptual model included relevant flow boundaries, 
definition of the hydrostratigraphic framewor~ selected water-quality attributes of each spring, mapped 
geology and soils within the spring basin, a karst inventory, and an estimation of flow directions and 
travel times. The hydrogeologic setting at each site is distinctive, and is the controlling factor in the 
movement of ground water. 
A draft report entitled "Methodology fo r Delineating Ground Water Recharge Areas of Springs in the 
Carbonate-Rock Terrane of Northwest Arkansas", was prepared and forwarded to ASWCC in 
September, 1996. The hydrogeologic assessment continued in 1997 with continuation of dye studies 
and hydrogeologic interpretation. Tbe final report was submitted to ASWCC in May 2000 and is 
included as Appendix A in this report. A summary of the hydrogeology of each demonstration site is 
described below: 
Tanyard Spring Demonstration Project, Carroll County 
Tanyard Spring issues from bedding planes within the Batesville Sandstone. The Batesville overlies the 
Boone Formation which constitutes an interstratal karstic unit in this area. The spring basin area is 
interpreted to equal 0.14 mi. 2 with discharge measurements ranging from 0.007 ft. 3/sec. to 0.0 I ft. 3/sec. 
Tanyard Spring is interpreted as a semi-confined to unconfined contact spring. 
The near constant temperature of the spring, and the narrow range of discharge and water-quality 
variations are interpreted to represent relatively slow, diffusive ground-water flow through a sandy soil, 
regolith. and the Batesville Sandstone. Immediately northeast of the recharge boundary of the spring is a 
large sinkhole plain which is interpreted to pirate surface water that is subsequently discharged from 
nearby springs in the Boone Formation. See Appendix A for a detailed discussion of the hydrogeology 
ofTanyard Spring. 
Stafford Spring Demonstration Project, Carroll County 
Stafford Spring discharges from an enlarged bedding plane and joint intersection in a west-facing bluff 
of the upper Boone Formation. The stratigraphic interval which comprises the spring basin includes the 
entire Boone-St. Joe section, the overlying Batesville Sandstone, and the lower Ordovician Cotter 
Dolomite. The spring basin is interpreted to equal approximately 10.5 mi. 2 at base flow with spring 
discharge measured at 3.2 ft3/sec. Ground-water conditions in the basin range from unconfmed to 
partially confmed. 
Ground-water flow in the basin is controlled by the stratigraphy and structure of the bedrock, with 
lithology representing the dominant factor in defining the spring basin. Linear features observed on 
aerial photography are interpreted to represent unmapped faults or fractures in the recharge area of the 
spring. Karst landforms identified in the basin include enlarged joints and bedding planes, sinking 
streams, caves, and springs which are integrated into a well-connected ground-water flow system. The 
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general absence of surface streams indicates that precipitation that falls in the recharge area generally 
infiltrates to the aquifer as recharge. 
Water-quality data are interpreted to represent slow-flow, diffusive ground-water flow. The variable 
spring discharge and temperature observed at the spring, however, indicate a contribution of flow from 
surface water, which has been confirmed by dye testing. See Appendix A for a detailed report of the 
hydrogeology of Stafford Spring. 
Decatur Spring Demonstration Project, Benton County 
Decatur Spring discharges from an alluviated, steep-sided bluff in the undifferentiated Boone Formation. 
The spring basin is interpreted to occupy an area of approximately 5.6 rni2 with spring discharge 
measured at 1.5-2.2 ft3/sec. The stratigraphic interval that provides water to the spring is interpreted as 
the entire Boone-St. Joe section. Ground-water conditions in the basin range from partially confmed to 
confined. Flow within the basin is concentrated along the intersection of major fractures or faults and 
along bedding planes. 
Decatur Spring lies approximately 1000 ft from a major northeast trending fault, the Decatur Fault, 
which is interpreted as a zone of stream piracy along Wolf Creek. Another northwest trending 
lineamen~ observed from aerial photography and field reconnaissance, is interpreted as a possible fault 
which underlies Wolf Creek and Decatur Spring. These lineaments or faults strongly control the 
movement of ground water in the basin. 
Surficial karst features in the basin include well developed karren. enlarged joints and bedding planes, 
sinkholes, sinking streams, caves, and springs. Water-quality data suggests that flow paths are relatively 
short with variable water temperature suggesting pirated surface water. Refer to Appendix A for a 
detailed discussion of the hydrogeology of Decatur Spring. 
Little Wildcat Spring Demonstration Project, Washington County 
Little Wildcat Spring issues into a pond that has been created by damming the spring outflow channel in 
the valley of Little Wildcat Creek. The spring basin is interpreted to occupy an area of 9.5 rni.2 with 
spring discharge at base flow measured at 2.28 ft. 3/sec. The flow system is confmed and occupies a 
stratigraphic interval which includes the upper Boone Formation and possibly the lower Boone and St. 
Joe formations. The entire basin is mantled by an overlying cherty clay regolith which forms the upper 
boundary of the aquifer. The thick regolith masks karst features at the land surface, and only two were 
identified in the spring basin, including a sinkhole and a sinking stream. 
The spring lies on a major northeast treading lineament which may represent a fault. Other lineaments 
have been identified in the basin suggesting dominant structural contro~ concentrating ground-water 
flow in the basin along the intersection of major fractures or faults. Thin layers of bedded chert are also 
major factors controlling ground-water flow in the spring basin. Water-quality attributes of the basin 
indicate relatively long flow paths with aerial ground-water mixing from numerous input points. See 
Appendix A for a more detailed discussion of the hydrogeology of Little Wildcat Spring. 
II 
Braly Spring Demonstration Project, Washington County 
Braly Spring is a contact spring which issues from a cave in a west-facing bluff at the base of the Pitkin 
Limestone. The flow system occupies a restricted stratigraphic interval which includes the Pitkin, the 
overlying Cane Hill Sandstone member of the Hale Formation, and the regoliths of these units. The 
spring basin area is interpreted to equal approximately 1.6 mi2 with spring discharge measured at 0.22 
ft3 /sec. Ground-water conditions in the basin range from partially confined to confined. 
Within the spring basin, karst features such as karren, enlarged joints and bedding planes, sinkholes, 
sinking streams, caves, and springs are common. The absence of surface streams within the recharge 
area indicate that precipitation that falls in the spring basin infiltrates to recharge the aquifer. The 
restricted variation in spring temperature and spring discharge suggests relatively slow vertical flow 
rates through the Cane Hill Sandstone and porous soil and regolith. Conduit flow through the Pitkin 
Limestone, however, has been documented through field observations. Refer to Appendix A for a 
detailed description of the hydrogeology of Braly Spring. 
Water-Quality Monitoring 
Water-quality monitoring for the project was performed by the A WRC and the Department of 
Geosciences at the University of Arkansas in Fayetteville. 
Purpose of Sampling Network 
The FY94 and FY95 ground-water programs put into place a much needed ground-water quality 
protection demonstration project and initiated the establishment of a spring (ground water) monitoring 
network in northwest Arkansas. Specific springs in the monitoring network were selected to represent 
the overall ground-water quality from within the entire recharge zone of the spring. This provided the 
best sample collection points to assess the most effective BMP's for spreading of animal waste in the 
karst area of northwestern Arkansas. 
The project objective was to monitor five springs in Benton, Carroll, and Washington counties. Over 
the duration of the project a minimum of 232 samples were to be collected over the hydrograph of 
significant storm events and at periods of low-flow (base flow). Analysis and interpretation of selected 
water-quality parameters were compared to establish background information for each spring site, and to 
assess any water-quality improvements associated with the implementation of BMP's within the 
recharge area of each spring. 
Site Selection Process 
One of the main premises for site selection was that springs represent an integration of water quality 
from the entire recharge zone. While it is not possible to directly link a spring sample to a specific BMP 
applied to a specific field, it should be possible to observe changes in water quality at the spring from 
both positive and negative activities in the recharge area of the spring. Therefore, a comparison of 
ground-water quality at the beginning of the project with additional data collected throughout the project 
period should show the impacts of newly implemented BMP's. 
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Northwest Arkansas, is labeled as a "karst" environment, but within this framework there are three 
distinct hydrogeologic settings. First, there are areas of intense karstification where fractured and 
solutioned limestone is exposed at or near the surface. These areas may be characterized by a variety of 
karst features, including sinkholes, caves, karren, enlarged joints, enlarged bedding planes and sinking 
streams, among others. Second, are areas of fractured/solutioned limestone with significant overlying 
regolith. Typically, these areas are characterized by little surface expression of dissolution of carbonate 
rocks. There may be a few sinkholes and a few sinking streams present but the density is not nearly as 
great as in the areas with little-to-no regolith. Then, there are areas where ground-water flow and 
associated contaminant movement are underdrained by so luble karst rocks but the dominant ground-
water flow in these areas is slow moving intergranuar and perched. These areas are not dominated by 
karst features and are typically formed in non-carbonate lithologies, such as the Batesville Sandstone. 
Decatur Spring, Braly Spring and Stafford Spring represent intensely karstic areas that include many 
surface expressions of karst features. Little Wildcat Spring represents an area of karst overlain by a 
significant regolith. Tanyard Spring, which emanates from the Batesville Sandstone, represents the non-
karstic setting even though it is surrounded by karst features that connect to the lower aquifer formed in 
the Boone Formation. 
A general field reconnaissance and series of five grab samples were collected from springs in the 
vicinity of each of the selected spring sites during the summer of 1995. The targeted areas were the 
Moores Creek/Baron Fork watersheds near Lincoln in Washington County; the Clear Creek watershed 
west of Fayetteville/Springdale in Washington County; the Spavinaw Creek watershed in Benton., 
County; and the Dry Creek watershed near Alpena in Carroll County. These areas were targeted to 
identify potential monitoring sites and detennine which site would be most suitable for the project. A 
simi lar process was completed for the Yokum Creek watershed north of Green Forest in Carroll County 
in the spring of 1996. 
Spring site selection was then based on several criteria including: 
• Active and historic animal waste application to pastureland within the recharge area of the spring. 
• Minimal potential impact from other sources of contamination, particularly other sources of nitrate-
N or bacteria within the recharge zone of each spring. 
• Identification of springs that represent a range of various hydrogeologic settings present in northwest 
Arkansas. 
• Identification of springs that represent major drains for the area. 
• Availability of historical water-quality data and hydrogeologic data for the spring and adjacent areas. 
• Landowner cooperation to access and instrument the site over the extended duration of the project. 
• Cooperation of landowners/operators within the recharge area of each spring. 
• Type and number of existing BMP's in use within the recharge area for each spring. 
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• Results of low-flow sampling from the summer of 1995. 
The first four sites were selected and instrumented in the summer of 1995. These include Braly Spring, 
Decatur City Spring, Little Wildcat Spring and Tanyard Spring. The fifth site, Stafford Spring, was 
added on Yokum Creek in the Fall of 1996. 
Site Instrumentation 
Each site was instrumented with the following: 
A Sigma 800SL automated water sampler. 
A Sigma 950 data logger interfaced with the sampler and several additional probes including; 
- a temperature probe, 
- a pressure transducer for monitoring spring stage, 
- a tipping-bucket precipitation gage, and 
- a specific conductance probe. 
All probes were installed at the time of initial site installation, except the specific conductance probes, 
which were installed in the fall of 1996. 
The data loggers and samplers were housed in a small wooden shelter at each of the sites. The realities 
of field work became apparent as we struggled at one of the sites to keep rodents from invading the 
instrument shelter and destroying the electrical wiring harness. 
The interface between the data logger, the probes, rain gage and the sampler allowed the sampler to be 
automatically triggered by a variety of mechanisms. As an example, the samplers could be triggered by 
the amount of precipitation received over a fixed time period, a change in spring stage, a change in 
spring temperature, a change in specific conductance, or a combination of these factors. 
For most sites, it was determined that changes in spring stage were too variable and not of sufficient 
magnitude to be used as the trigger mechanism The sites were set to trigger for a certain precipitation 
regime (i.e., 2 inches of precipitation over a 24 hour period). In reality this proved to be a fail-safe 
mechanism, and an extreme condition. Most sites were triggered manually for most storm events, 
although some did trigger and function just fine automatically, which proved to be very beneficial. A 
review of the data indicates that specific conductance may provide the most reliable trigger parameter. 
Future storm events will be tied to several factors; a change in specific conductance, a stage change, 
and/or a precipitation trigger. 
Field Methods 
Sample and Field Data Collection 
Storm event and low-flow (base flow) samples were collected at discrete times over the duration of the 
project. Low-flow samples were collected as grab-samples. These samples were split into various 
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sample containers in the field and/or collected directly from the spring into the appropriate sample 
container. Handling requirements, sample containers, and preservation methods are listed in Table I. 
A total of23 samples were collected as grab samples in June 1995. This included one sample from each 
of five springs in the general vicinity of the four targeted areas. There were also two field duplicates and 
one field blank collected and delivered to the laboratory as part of the quality assurance/quality control 
(QNQC) program Water-quality data fo r these initial grab samples were used in the site selection 
process. 
Storm-event samples were collected with a Sigma 800SL automated sampler. These samples were 
initially stored in 1 L plastic containers in the sampler base. The sampler bases were exchanged at 
intervals ranging from 24 to 36 hours with a clean set of bottles. The samples collected were then 
returned to the sample preparation laboratory, where they were split into the appropriate containers and 
preserved. The split samples were delivered to the Arkansas Water Resources Research Center 
(A WRC) Water-Quality Laboratory fo r analysis. 
T bl 1 S a e : ummary o fS . I H dlin R t •pee• a an lS eQUiremen s 
Parameter Container Minimum Preservation Maximum 
Sample Size Regulatory 
(mL} Stora2e 
Alkalinity Plastic 125 Refrigerate 14 days 
Total Organic Carbon Plastic* 125 Refrigerate and add HCI 28 days 
Glass** to pH<2 
Chloride Plastic 125 Refrigerate 28 days 
Metals, General Plastic 125 Filter, HN03 6 months 
Ammonia Plastic 125 HzS04 48 hours 
Nitrate-N Plastic 125 Refrigerate 48 hours 
Ortho-Phosp hate Plastic 125 Filter, Refrigerate 48 hours 
Sulfate Plastic 125 Refrigerate 28 days 
Coliform Plastic 125 Refrigerate Sterile 24 hours 
Container 
*Due to use of automatic sampling equipment, all sample containers were plastic. 
**The samples were stored in glass containers after being split in the sample preparation lab. 
Field parameters, including pH and specific conductance (SP), were measured in the field at the time of 
sample collection for those samples collected as grab samples. SP and pH were determined at the time 
the samples were split for those samples cotlected with the automated sampling equipment. 
The pH was determined with an Orion digital fie ld pH meter. The meter was calibrated with two 
standards prior to use. SP was measured with an Orion fieJd conductivity meter, which was calibrated 
with standard solution that was within the known range ofSP for the springs. 
Spring stage and temperature were measured with a pressure transducer and temperature probe which 
were both integrated with a Sigma 950 data logger. These data were downloaded on a periodic basis, 
approximately twice a month initially and then once a month for the remainder of the project. The 
probes were calibrated as needed, based on data verification with dedicated, calibrated field meters. 
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Calibration of the temperature probe was based on measurements with the field pH and SP probes. 
which both have internal temperature probes. 
Storm-Event and Grab Sample Collection 
The first sample collection over the hydrograph of a storm event occurred in December 1995. The 
summer and fall of 1995 were extremely dry, and the few precipitation events that did occur were not 
sufficient to result in a significant response at the springs. One oftbe goals of the project was to sample 
events that produced significant response at the springs. 
Thirty two samples were collected during the storm event of December 1995. This was the first attempt 
at collecting over a storm hydrograph using the automated samplers. The samplers collected 
approximately 900 mL of water for each time step. Tllis was insufficient volume to collect a duplicate 
sample. Therefore, there were no field duplicates for this event. Eight samples were collected from 
each spring for analysis. The sampler actually collected a set of24 sample bottles over the 24 to 36 hour 
sampling period. Four samples from the first set and four from the second set were selected for analysis. 
The selection of sample to retain for analysis was based on the relationship between the precipitation 
event, spring stage, spring temperature and specific conductance. This method of sample retention 
provided samples at the optimum points over the hydrograph. 
A total of 33 samples were collected during a second storm event in April 1996. This included eight 
samples from each spring, and one field duplicate. Additionally, four laboratory duplicates and four 
laboratory spikes were analyzed along with this set of samples. 
A grab sample was collected from each of the five springs in early January 1997. The period preceding 
this sample collection was extremely dry, and the springs were at very low-flow conditions. There were 
two laboratory duplicates and two laboratory spikes samples analyzed with these five grab samples. 
Sampling over the hydrograph of a third storm event occurred in late-February 1997. A total of 58 
samples were collected, including one field-duplicate and one field-blank. There were also ten 
laboratory duplicates and ten laboratory spike samples analyzed for this storm event. The 56 samples 
collected included 12 from Stafford Spring, Tanyard Spring and Decatur Spring, 9 from Little Wildcat 
Spring, and 13 from Braly Spring. The automated sampling equipment was not installed at Little 
Wildcat Spring during this storm event so these samples were collected as grab samples. The total 
number of samples collected for each spring was greater than for previous storm events (where only 
eight samples were collected for each spring). The additional samples provided data to more adequately 
characterize water-quality changes over the storm hydrograph. 
Tanyard Spring and Stafford Spring were sampled over a storm hydrograph in May 1997. The 
precipitation in Benton and Washington counties was not enough to cause a significant spring stage 
response, so these sites were not sampled during this event. A total of 27 samples were collected, 
including 12 from Tanyard Spring, l3 from Stafford Spring, one field-duplicate and one field-blank. 
There were also five laboratory duplicates and five laboratory spike samples analyzed. 
A total of 47 samples were collected from the springs in Benton and Washington counties in mid-June 
1997. This included 15 samples from each spring, one field-duplicate and one field-blank. Nine 
16 
laboratory duplicates and nine laboratory spike samples were also analyzed. The two springs in Carroll 
County were not sampled during this storm event. 
During a storm event in August 1997, a total of 64 samples were collected. which included 12 from 
Tanyard Spring, Little Wildcat Spring, and Braly Spring, 13 from Stafford Spring and Decatur Spring, 
one field-duplicate and one field-blank. Ten laboratory duplicates and I 0 laboratory spikes were also 
analyzed. 
Sixty two samples were collected from the springs over a storm hydro graph in early January 1998. This 
included 12 samples each from Decatur and Little Wildcat springs and 13 samples each from Stafford 
and Tanyard springs. The total includes one field-duplicate and one field-blank sample. In addition, six 
laboratory duplicates and eight laboratory spikes were analyzed. 
A set of 30 samples were collected from Decatur and Little Wildcat springs in April 1998. No samples 
were collected from the springs in Carroll County because of the timing and size of the precipitation 
event did not allow the samplers to be activated in time to sample the rising limb of the hydrograph. 
The eighth storm event was sampled in mid-December 1998. A total of 69 samples were collected 
including 17 samples from each of Decatur, Stafford and Tanyard springs, and 18 samples from Little 
Wildcat Spring. This total includes one fie ld-duplicate sample. Eleven laboratory duplicates and 1 J 
laboratory spikes were also analyzed. 
The final storm event sampling occurred in May J 999. A total of 62 samples were collected including 
15 samples from each of Decatur and Stafford springs and 16 samples from each of Little Wildcat and 
Tanyard springs. Included in the 62 samples is one field-duplicate and one field-blank. Twenty one 
laboratory duplicates and 13 laboratory spikes were analyzed. 
Table 2 lists the total number of samples, duplicates, blanks, and spikes analyzed for this project. 
Table 2: Samples, Duplicates, Blanks and Spikes Collected and Ana~ zed 
Sample Period Samples Field Field Laboratory Laboratory 
CoUec:ted Duplicates Blanks Duplicates Spikes 
Grab-Samples 20 2 I 
Summer 1995 
December 1995 Storm Event 32 0 0 5 5 
Yokum C reek Area G rab- 4 0 0 I I 
Samples March 1996 
April 1996 Storm Event 32 I 0 4 4 
January 1997 Grab- S2mples 5 0 0 2 2 
February 1997 Storm Event 56 I I 10 10 
May 1997 Storm Event 25 I I 5 5 
June 1997 Storm Event 45 I I 9 9 
August 1997 Storm Event 62 I I 10 10 
January 1998 Storm Event 60 I I 6 8 
April 1998 Storm Event 30 0 0 3 3 
December 1998 Storm Event 68 I 0 II II 
May 199 Storm Event 60 I I 21 13 
G rab-Samples Spring 1999 30 0 0 0 0 




Bottles used for sample collection with the Sigma 800SL automated samplers were plastic. These 
bottles were cleaned with an Alcinox bath, rinsed in deionized water, soaked in a I 0% HCL bath for at 
least two hours, followed by a thorough deionized water rinse. Grab samples were generally collected in 
new one quart plastic milk bottles, or directly into the bottle splits required by the A WRC Water Quality 
Laboratory as shown in Table I. 
Table I lists the containers, preservation and storage for the various sample splits. Anion samples were 
split into 250 mL plastic bottles which were cleaned at the A WRC laboratory prior to each use. Metals 
samples were split into 500 mL plastic bottles and acidified with HN03• The bottles were cleaned at the 
A WRC laboratory between each use. Ammonia samples were split into new, clean urine specimen cups 
and acidified with H2S04. Ortho-phospate samples were filtered into 50 mL glass vials. TOC samples 
were also split into 50 mL glass vials and acidified with HCI. Bacteria samples were split into sterile, 
sealed specimen cups. 
Analytical Methods 
Laboratory analytical methods, reporting units, detection limits, and targeted precision and accuracy for 
the various water-quality parameters are listed in Table 3. Percent recovery and percent RSD for the 
laboratory spike and laboratory duplicate samples are maintained in the project files. 
Table 3. Data Quality Objectives for Phase I Analytes. 
Compoaad Sourcc/Mctllod \1atri1 Units tDL• Accuracy Prcdsloo 
Sl!!~ Rccovca O.e!lcatu 
Nltrstc EPA/300.0 groundwater mg/1 01 !: ~~. !_10~· 
or EPN3S3.2 ~ndwater m~ .01 + 100-' + 10,. 
Ort~P\a.pllatc EPAI36S I groundwater mg/1 .OOS !:10% !:10% 
or EPN36S.2 I!!OU odwatcr m~ .oos + 100.4 +10% 
Cllloride EPA/300.0 groundwater mg/1 .02 +10% ±10% 
SttJfatc EPN300.0 ~ndwater m~ .02 +10% + 10% 
Total OrgaaJc Carboa EPN41S I grouodYt'lller mg/1 .10 ±10% ±10% 
Ammo11la EPN3SO I groundwater mg/1 oos ±.10% ± 10% 
or EPAI3S0.3 1[2U ndwater m~ 01 +10% + 10% 
Sodium EPN200.7 groundwater mg/1 003 ±IS% ±IS% 
or EPN273 I 1[2!!nd water mr,Q .OIS +10% +10% 
"-fa&acsiam EPA/200.7 ground wa tcr mg/1 .002 ±IS% ±IS% 
or EPN242 I ~ndwater m~ .007 +IS% + IS'• 
Ftcal Coliform APIIA/92220 groundwater cpu/IOOml NA ±SO% 
E.Cotl EPA/1103.1 ~ndwater ~IOOmJ NA + S00.4 
Ancalc EPA/200.7 groundwater J.!g/1 3.0 !:20% ±20% 
or EPN206.2 ~undwater ~gil 1.0 ;!;20% +20% 
Stlnium EPA/270.2 groundwater J.!g/1 2.0 ±20% ± 200.4 
or EPN270.3 groundwater J.!g/1 2.0 +20% +20% -Copper EPA/200 7 ground.,.•ater J.!g/1 1.0 ±IS% ± IS% 
or EPA/220.1 ~ndwater !!~ 2.0 +IS% + IS% 
Calcium EPA/21S I groundwater mg/1 08 !: 100/o ± IG-Io 
or EPN200.7 &!!!!! ndYt'll tcr !!:1!!! .002 + 10% +10% 
Po tass I u.m EPA/258 I groundYt'llter mg/1 01 ±IS% :±IS% 
or EPN200.7 ~DdYt'lller mJl/1 .07 • IS% +m,• 
Alkaliaity EPA/310 I groundwater mg/1 as OS ! IG--' ±10% 
CaC~ 
*EPA Estimated Detection Limit 
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Presentation and Discussion of Data 
Water-quality data and spring-stage data are tabulated in Appendix B. Laboratory QA/QC data are 
maintained in the project flies Department of Geology, University of Arkansas. 
Data for each spring are presented and discussed in the following section. The three springs that 
discharge from the Boone Limestone (Decatur Spring, Little Wildcat Spring and Stafford Spring) are 
considered as a group. Braly Spring, which discharges from the Pitkin Limestone, and Tanyard Spring, 
which discharges from the Batesville Sandstone, are considered separately. Similarities and differences 
between the flow systems and water-quality parameters of the various springs are noted. 
Decatur Spring 
Figures 2 and 3 show the relationship between spring stage and precipitation for tvvo of the storm 
events sampled. These graphs show that this spring responds to even the smallest precipitation event 
and that the response is rapid, on the order of 6 to 8 hours. The rapid response is, in part, a result of the 
direct communication between flow in Wolf Creek and discharge at the spring (Monk, 1997; Salisbury 
and Davis, 1997; Monk et al., 1996). Figure 2 shows response of the spring to a significant precipitation 
event in late-fall 1995. There was a pronounced stage response to both of the pulses that occurred with 
this storm. The many smaller stage responses superimposed on the larger response resulted from 
withdrawal ofwater for municipal supply for the City of Decatur. Evapotranspiration had shut-down by 
this time of the year, and consequently the stage response was uniform. even over the storm pulses. In 
contrast, Figure 3 shows response to several precipitation events in June 1997. Evapotranspiration was 
high and there was a definite indication of diurnal fluctuation of spring stage. The changes in stage as a 
result of this storm were greatly subdued in comparison to the late-fall event. 
Figures 4 and 5 are representative of the response of this spring to storm pulses. Nitrate-N 
concentrations at this site ranged from just over 2 mgiL to about 7.1 mg!L, all below the U.S. 
Environmental Protection Agency (EPA) MCL of I 0 mg!L. These concentrations are above what is 
considered background for "pristine" areas within the Ozarks Plateau area (Adamski, 1996). Nitrate-N 
peak concentrations lagged the peak in spring stage by about 4 to 12 hours. This may be an indication 
of runoff generation in close proximity to the spring or adjacent to Wolf Creek during the initial storm 
pulse. During the later part of the storm, runoff was coming from a much larger area contributing more 
nitrate-N to the system. The other possibility is that there is a pulse of ground water from the system 
represented by the initial stage increase, which is followed by the pulse of water representing the actual 
recharge from the storm event. SP data support this second concept. There is an initial rise in SP, 
representing the flush of ground water, followed by a marked decrease in SP with continued spring stage 
increase. This lower SP water represents the storm-event recharge. 
Figure 6 shows bacteria impacts to the spring for the February 1997 storm event. Bacteria 
concentrations at this spring for the entire sampling period ranged from near zero to 89,000 fecal 
coliform cfU/1 00 mL, and 31,000 E. coli. cfU/1 00 mL. The general pattern of impact is similar for all 
the events, although the magnitude of impact varies from one storm event to another. The peak 
concentrations of bacteria tend to occur just prior to or coincidental with the peak in spring stage. The 
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Figure 2 • Decatur Spring Precipitation vs. Spring Stage 
spring stage remains elevated or continues to rise for a much longer period. The pattern of bacterial 
loading is different than loading of nitrate-N, suggesting that bacteria are being transported within the 
system via a different mechanism. The rapid response to bacterial loading suggests that they are being 
flushed into the system with the initial recharge water via pirated stream water. This is in conflict with 
the nitrate-N data, which suggests that there is an initial pulse of ground water followed by the pirated 
and recharged water from the storm event. If this is correct, then the bacteria must be "in-residence" in 
the ground water, or in the zone that is being flushed first. As later recharge arrives, it has moved 
through more media and has had a greater opportunity to filter bacteria from the water (Marshall et al., 
1998). This question really needs to be studied in more detai~ because all of the springs show a similar 
response of bacteria to storm pulses. Therefore, it has a direct bearing on the type of BMP's to apply, 
and when and where these BMP's need to be applied. 
Figure 7 is a trilinear plot for water from this spring. The water is a Ca-HC03 type. There is a shift to 
higher chloride and sulfate concentrations during storm events, which may indicate an anthropogenic 
source for the contamination. 
The water-quality data, when considered in conjunction with the hydrogeological assessment, provide 
clues to the sources of recharge and the mechanism for contaminant movement in the ground-water and 
to the springs. Salisbury and Davis (1997) utilized hydrochemical and hydrogeologic data to help define 
the contributing area for Decatur Spring. Their work showed that BMP's need to be considered for the 
entire Wolf Creek watershed to be effective. Wolf Creek provides a significant portion of the recharge 
to the spring via a losing segment approximately 820 ft. west of the spring (Monk, 1997) (Figure 8). 
This was determined primarily via dye trace investigations, but is also supported by the hydrochemical 
data. Salisbury and Davis ( 1997) showed that water from springs feeding Wolf Creek above Crystal 
Lake had similar nitrate-N concentrations to the water from Decatur Spring. However, water emanating 
20 
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Figure 3 - O.C.tur Spring Precipitation vs. Spring Stage 
from two springs below the Crystal Lake dam, which provide a significant portion of the flow to Wolf 
Creek during low-flow, had much lower nitrate-N concentrations, < 1 mg/L. The concentration of 
nitrate-N in Wolf Creek below the dam increased. The increase in concentration occurred in the stream 
reach from the point where the two springs feed the stream to the point where the creek crosses State 
Highway 59. This may have resulted from input of base-flow derived from the adjacent pastureland. 
The lower nitrate-N concentration in Crystal Lake results from denitrification as the water passes 
through the lake and the lake-bottom sediments. 
Decatur Spring showed the widest range of temperature fluctuations of all the springs monitored in the 
general vicinity (Salisbury and Davis, 1997). Monk ( 1997) noted even more dramatic fluctuations in 
temperature, including indications of diurnal fluctuations. This all suggests a very short ground-water 
flow path and residence time of water in the aquifer, indicating little opportunity to reach thermal 
equilibrium. 
In addition to the nitrate-N and bacteria. many other water-quality parameters tend to exhibit a direct 
re lationship with spring stage. This includes such parameters as total organic carbo~ ammonia, 
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to stage which is expected, considering the direct connection and short flow path from WolfCreek to the 
spnng. 
Because ofthe close relationship between WolfCreek and Decatur Spring, it is essential to consider the 
entire WolfCreek watershed when applying BMP's. However, Crystal Lake does appear to be efficient 
at removing a significant portion of the nitrate-N load. Considering this, the primary focus for BMP 
implementation should still be in the recharge area below the Crystal Lake dam. 
Little Wildcat Spring 
Figures 10 and ll show the response of Little Wildcat Spring to precipitation. Both the February 1997 
and August 1997 storm events had very similar response. Spring stage rises rapidly, within 6 to 12 
hours of significant precipitation events. This is similar to the response at Decatur Spring and suggests a 
direct communication with surface sources o r loading of the aquifer resulting in a pressure induced stage 
change. Dye trace work indicates significant stream pirating occurs within the recharge area of this 
spring. It is interesting to note that spring stage changed by just over one inch for both of these storm 
events. There is a smaller spring several hundred feet northwest of Little Wildcat Spring and several 
others at the base of the valley wall to tbe northeast that probably act as overflow for this basin. The 
recessional curve for both events is also very similar for this spring, stretching over several days with a 
gradual decline in spring stage. The longer recession curve may be indicative of the relatively large size 
of the recharge area and the mode of recharge, indicating a significant component of diffuse flow 
through the overlying regolith that mantles much of the recharge area. 
Nitrate-N concentrations at Little Wildcat Spring ranged from 2.0 to 6.6 mg/L. Figures 12 and 13 show 
the response of nitrate-N for two storm events, February 1997 and June 1997. Both curves show an 
inverse relationship of nitrate-N concentrations with increasing spring stage. This pattern is consistent 
with the rapid response of the spring to precipitation, and suggests significant direct input of surface 
sources, probably via stream pirating. Nitrate-N concentrations rise to pre-storm event levels with the 
recessional curve. Tbe higher concentrations of nitrate-N at low-flow suggests continual loading via 
diffuse recharge. 
There seems to be seasonal variation of nitrate-N concentrations with lower concentrations observed in 
early to late-summer. Nitrate-N concentrations for the February event ranged from about 5 to 6.4 mgiL 
while the range for the June event was about 4.5 to 5.5 mg!L. Concentrations for the August 1997 event 
were all below 4 mg/L. 
The inverse relationship between nitrate-N concentrations and spring stage at Little Wildcat Spring is 
just opposite the pattern observed at Decatur Spring. Both springs receive significant amounts of pirated 
water. This suggests that the source of nitrate-N may be different at the two sites. At Decattrr Spring 
the source is being carried to the spring with the pirated water while at Little Wildcat Spring the source 
is from more diffuse recharge through the overlying regolith. 
Bacteria at Little Wildcat Spring showed a similar pattern to those at Decatur Spring (Figure 14). The 
peak concentrations occurred just prior to the peak of spring stage and then dropped to near background 
concentrations within about 48 hours. Fecal coliform concentrations for all the sampled events ranged 
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Figure 15 is a trilinear plot for water from this spring. The water is a Ca-HC03 type. The pattern is 
similar to Decatur Spring, with a very slight shift to higher chloride and sulfate concentrations durmg 
storm events. 
Temperature varied at Little Wildcat Spring as a function of the surface-water temperature. Figure 16 
shows temperature as an inverse relationship with stage for the storm event of December 1995. 
However, the temperature fluctuation for the summer events generally showed an increase with 
increasing spring stage. This indicates that the water is not thermally equilibrated and suggests a 
relatively direct connection with surface sources such as pirated streams. 
Other parameters such as TOC, phosphate and ammonia have a direct relationship with spring stage 
(Figure 17). Specific conductance exhibits an inverse relationship with stage, consistent with the direct 
connection to surface sources. 
Anomalous high ammonia concentrations were observed at this spring over the August 1997 and May 
1999 storm events. Ammonia concentrations for aU other storm events were less than 0.06 mg/L. 
Ammonia concentrations during the August event were around 0.15 mg/L and as high as 0.43 mgiL 
during the May 1999 storm event. This was also the time when the lowest nitrate-N concentrations were 
observed at this spring. The spring discharges into a large pond that has a lush growth of watercress and 
algae. It is proposed that the high ammonia concentrations resulted from decaying plant material in the 
pond during the mid-spring to late-summer months. 
Little Wildcat Spring is similar in many respects to Decatur Spring. Both springs have significant 
contributions of pirated surface water. Both springs show bacterial loading as a pulse just prior to the 
peak in spring stage. Both springs lack thermal equilibration during storm events. The major difference 
in the two springs is the response to nitrate-N. Decatur Spring has a direct relationship ofnitrate-N with 
spring stage while Little Wildcat has an inverse relationship. 
Stafford Spring 
Stafford Spring has a very rapid and relatively large response of spring stage to precipitation events 
(Figure 18). Spring stage increases within about 4 to 6 hours from the onset of major precipitation 
events. The two pulses observed for the February 1997 storm event show that stage increased by about 
17 to 20 inches with each storm pulse within about 1 to 2 hours from the time stage began to rise. The 
initial part of the recessional curve is also rapid, declining by about 15 inches within 3 to 6 hours of the 
peak in spring stage. Dye-trace investigations showed the spring derives a significant component of 
flow from pirated streams. This is supported by the rapid response of the spring in response to storm 
pulses. The pattern of response of Stafford Spring to precipitation events is very similar to the pattern of 
response at both Little Wildcat Spring and Decatur Spring. However, Stafford Spring responds more 




























2118197 2119197 2119197 2120197 2120197 2121197 2121/97 2122197 2122197 2123197 2123197 212<4197 





;. 20000 • j 
II) 











Figure 18 ·Stafford Spring Preclpltlrtlon vs. Spring Stage 
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Nitrate-N concentrations of Stafford Spring ranged from 2.7 to 4.9 mg/L for the storm events sampled. 
Figure 19 shows a typical response of nitrate-N concentrations over a storm pulse. There is an inverse 
relationship between nitrate-N concentration and spring stage. This is similar to the pattern observed at 
Little Wildcat Spring. It suggests that during low-flow periods water is entering via diffuse flow 
through the regolith mantled recharge area while during storm pulses the flow is mainly derived from 
pirated streams. This is the same flow mechanism observed at Little Wildcat Spring. Figure 20 shows 
the response for a much smaller storm pulse during a time when ET is removing water from the system. 
There is an initial increase in nitrate-N followed by a decrease with continued elevated spring stage. 
This pattern suggests that there is an initial pulse of ground water flushing the system prior to the 
dilution effect caused by the pirated surface water. This initial increase may simply be overwhelmed in 
the fall and winter storms by the magnitude of the pirated water entering the aquifer. In support of this, 
it is noted that spring stage for the May 1997 event only changed by about two inches, compared to 
about 25 inches of rise for the February 1997 event. 
There is a direct correlation between spring stage and bacteria at Stafford Spring (Figure 21). Bacteria 
concentrations for fecal coliform and E. coli ranged from <10 to about 71 ,000 cfu/100 mL. The pattern 
of bacterial loading is slightly different for Stafford Spring. Here, the bacteria concentrations peak with 
the peak in spring stage and follow the recession curve. At Little Wildcat Spring and Decatur Spring the 
peak of bacteria concentration occurred prior to the stage peak and declined to near background 
concentrations several days before the spring had recessed to low-flow. This suggests that the bacteria 
are being carried into Stafford Spring's flow system with the pirated stream water on a continuous basis 
and are being moved through the system with the storm pulse. In contrast, bacteria loading at Little 
Wildcat Spring and Decatur Spring suggest that the bacteria are "in-residence" in the aquifer or in the 
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The water at Stafford Spring is a Ca-HC03 type, and there is no indication of a shift to higher chloride 
or sulfate during storm pulses, as was observed at the other two Boone Formation springs (Figure 22). 
Other parameters including TOC, phosphate, ammonia and trace metals tend to have a direct 
relationship with spring stage, and exhibit similar patterns to those observed at the other Boone 
Formation springs. 
Braly Spring 
Braly Spring, which emanates from the Pitkin Limestone Formation, has a slightly different response to 
precipitation events than the Boone Formation springs. It does respond rapidly to large precipitation 
events, but seems to show a dual response. There is an indication of an initial rise of spring stage within 
about 4 to 8 hours after the onset of larger precipitation events (Figure 23). This is generally followed 
by a period when spring stage recesses slightly and then rises again and maintains the elevated stage for 
an extended period. The second sustained rise occurs about 12 to 24 hours after the onset of 
precipitation. The lag time for the onset of the second rise shows seasonal variation also. Stonns 
occurring in the late-fall, winter and spring have a much more rapid response compared to summer and 
early-fall events (Figure 24). The pattern of response does not seem to match the pattern of the pirated 
streams observed for the three Boone Formation springs. Rather, the pattern at Braly Spring suggests 
that water is entering the aquifer initially via surface openings including solutioned fractures and 
sinkholes. The second, sustained rise in spring stage probably results from more diffuse recharge 
through the regolith that mantles the recharge area. Evapotranspiration seems to impact recharge within 
this basin to a greater extent than at the three Boone Formation springs because, similar summer 
precipitation events, which resulted in appreciable stage changes at the three Boone springs, only caused 
a stage change of about 0.1 inch at Braly Spring. Again, this suggests that pirated streams do not 
dominate aquifer recharge for Braly Spring relative to the three Boone springs. 
Figures 25 and 26 show the typical response of nitrate-N concentrations to storm events for Braly 
Spring. This spring bad the highest concentrations of nitrate-N observed at any of the sites, ranging 
from 9.8 to 16.7 mg/L. The nitrate-N concentrations were typically in the 11 to 12 mg/L range at low-
flow and had an inverse relationship with the initial storm pulse, decreasing with increasing spring stage. 
This is consistent with water entering through open conduits such as fractures and solution channels and 
diluting the ground water ''in-residence". The relatively high nitrate-N concentrations at low-flow are 
slightly above the MCL, probably indicative of a point source within the recharge area. Dye trace 
investigations established a connection between Braly Spring and a waste lagoon associated with a 
laying operation located approximately one mile east-southeast of Braly Spring. Another potential 
source of the nitrate-N is a septic system located at the top of the bluff directly overlying the spring. 
However, dye trace investigations in conjunction with field reconnaissance suggest that this is only a 
minor contributor, if it is contributing anything at all. Water from the septic system is flowing to the 
east along a permeability contrast between the Canehill Sandstone and the overlying regolith. This 
water discharges in several small seeps and springs located between the 1460 and 1480 feet contour 
interval, about three-fourths of a mile east of Braly Spring. 
The typical response of bacterial loading to stonn events is depicted in Figure 27. Bacterial loading at 
Braly Spring is similar to Little Wildcat and Decatur springs, with the pulse of bacteria preceding the 
peak in spring stage. The bacteria pulse at Braly Spring is even of shorter duration than that observed at 
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other two springs. Braly Spring also showed very high bacterial concentrations, ranging from fecal 
coliform of 13 to 31,000 cfu/100 mL and E. coli of 12 to 34,000 cfu/100 mL. The bacterial loading is 
consistent with the concept that the initial pulse of water during storm events enters via solutioned 
fractures and sinkbo les. 
The water at Braly Spring is a Ca-HC03 type and shows little variation with time (Figure 28). SP 
generally has an inverse relationship with spring stage and only varies by a few 1-1s1cm with storm 
events. This may suggest that the water is nearing chemical equilibrium as it recharges through the 
sediment choked solutioned fractures and sinkholes. ln contrast, the SP curve for the three Boone 
Formation springs varies by a much greater magnitude over storm hydrogaphs. Other parameters such 
as selenium (Figure 29) generally tend to follow the trend of spring stage. However, the correlation 
between parameters such as TOC, ammonia, and phosphate is not as good as it is with the Boone 
Formation springs. 
Figure 30 shows temperature for the August 1997 storm hydrograph. This parameter indicates that 
spring temperature is a function of surface water temperatures, which is similar for all of the springs 
monitored. 
Braly Spring's response to storm events is most similar to Little Wildcat and Stafford springs. The 
major difference is the elevated nitrate-N observed at low-flow and consistently throughout the project. 
The consistency of the nitrate-N concentrations over the duration of the project, and the lack of seasonal 
fluctuations suggests a point source of contamination. The most probable point source impacting Braly 
Spring is the waste lagoon for the laying operation located approximately one mile east of the spring. 
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Tanyard Spring has a much smal ler discharge than the other sites investigated. Here, discharge ranged 
from about 0.007 ft3/s to about 0.013 ft3/s which is 2 to 3 orders of magnitude lower than discharge at 
the limestone springs. Tanyard Spring also has a relatively constant discharge and the response to storm 
pulses is much slower and of longer duration than the other springs investigated. This low, steady 
discharge is a reflection of the hydrogeology of the spring. Tanyard Spring flows from bedding planes 
in the Batesville Sandstone. Recharge to the spring is principally diffuse flow through the overlying 
regolith mantling the relatively limited recharge area. Flow within the unit is along bedding planes and 
as perched diffuse flow in granular media (sandstone) above low-permeability zones (shale intervals). 
These bedding planes may also be partially filled with silts, clays and sands from the overlying regolith. 
Because of the diffuse recharge and flow along the sandstone bedding planes, Tanyard Sprmg has a 
much slower and more subdued response to storm events (Figure 31 ). The initial rise in spring stage 
occurs several hours after the onset of precipitation and the lag time to the peak in spring stage is about 
16 to 24 hours, which is 2 to 3 times longer than the observed lag times for the other springs 
investigated. The peak is more spread and the recessional curve is much more gradual and larger than 
the limestone springs. There was also a marked seasonal variation at Tanyard Spring. Late-fall, winter 
and early-spring events resulted in more significant changes in spring stage. Late-spring, summer and 
early-fall storm events, when ET was elevated, had only minimal impact on spring stage. 
Nitrate-N concentrations at Tanyard Spring ranged from 2.5 to about 8.5 mg/L at low-flow and from 
about 8 to 15.9 rng!L during storm events. There is a direct relationship between spring stage and 
nitrate-N concentrations (Figures 32 and 33). Tanyard Spring tends to have higher nitrate-N 
39 
concentrations at low-flow and high-flow than the Boone Formation springs. The pattern of response 
and the elevated concentrations support the concept that recharge is diffuse through the overlying 
regolith. Nitrate-N is slowly moved from the surface through the regolith in a flow displacement 
manner. During storm pulses, additional nitrate-N is pushed through the regolith resulting in the 
elevated concentrations observed at the spring. Seasonal variation in nitrate-N concentrations were also 
noted. During the summer, concentrations of nitrate-N ranged from 2.5 to 4 mg/L, while late-falL 
winter and spring concentrations ranged from 2.5 to just over 15 mg/L. Subdued response to summer 
precipitation events and greater utilization of nitrate by plants are possible explanations for the seasonal 
variations observed. 
Figure 34 shows the bacterial loading of Tanyard Spring for the February 1997 storm event. There is 
some movement of bacteria within the flow system but it is not at the concentrations observed at the 
limestone springs. fecal coliform at Tanyard Spring ranged from 0 to 8,300 cfu/1 00 mL and E. coli 
ranged from 0 to 2,000 cfU/1 00 mL. The peaks were much more restricted in time with the total rise and 
recession occurring in about 18 hours. This also supports the concept that recharge here is mainly 
through the overlying regolith where much of the bacteria are filtered from the water. 
The water at Tanyard Spring classes as a Ca-HC03 type (Figure 35). There is a distinct trend toward 
lower concentrations of Mg and Cl during storm events. There is also a seasonal shift to lower Cl 
concentrations during the summer. The lower Mg concentrations suggest less water-rock interaction 
during the storm events. Lower Cl during the summer months is another good indicator of limited 
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Variance ofNitrate-N and Bacteria Between Springs 
There is a significant difference in the response of springs to nitrate-N and bacteria for those springs in 
the Boone Formation and the springs in the Pitkin Limestone and tbe Batesville Sandstone. The springs 
in the Boone Formation typically have nitrate-N concentrations ranging from about 2 to 7 mg/L. None 
of the nitrate-N concentrations of Boone Formation springs were observed to be in excess of the U.S. 
EPA primary drinking water standard of 1 0 mg!L. Tanyard Spring, in tbe Batesville Sandstone, 
generally has higher concentrations of nitrate-N than those observed in the Boone springs. If it is 
assumed that land applied wastes are approximately equivalent in the recharge areas for the various 
springs, and there is no reason to think that appreciable differences exist, then the lower concentrations 
of nitrate-N observed in the springs of the Boone Formation result from some mechanism that is 
affecting the rate of denitrification. The major differences between the systems is the recharge 
mechanism for the ground water basin contributing to each spring. The Boone Formation springs have a 
significant component of pirated surface water and water that enters via solutionally enlarged fractures 
and sinkholes. Recharge to Tanyard Spring is via infiltration through sandy regolith developed on top of 
the Batesville. The more open mode of recharge associated with the Boone springs allows more organic 
matter and suspended material to enter the system. This may provide the substrate necessary for 
increased rates of denitrification to occur. Water passing through the sandy regolith overlying the 
Batesville has lower organic and colloidal material as well as lower bacteria concentrations, due to more 
efficient filtration in the sandy regolith. 
Consistently elevated concentrations of nitrate-N observed at Braly Spring, in the Pitkin Limestone, are 
attributed to a point source of contamination associated with a laying operation located in the recharge 
area. In most other respects. this spring responds in a manner similar to the Boone Formation springs. 
The importance of all this is that it appears, based on existing data, that the Boone Formation springs 
have a sufficient rate of denitrification occurring within the recharge zone and along the ground-water 
flow path to maintain nitrate-N concentrations below the U.S. EPA primary drinking water standard, 10 
mg!L. Of course, this assumes current rates of animal waste application as fertilizer. However, springs 
issuing from the Batesville have lower rates of denitrification and therefore, nitrate-N concentrations are 
more likely to exceed the drinking water standard for these springs. The data from Braly Spring 
suggests that where point sources of contamination are located in the recharge area the probability is 
high that the drinking water standard for nitrate-N will be exceeded. The system is simply overwhelmed 
by the total load of nitrogen, suggesting that there is indeed an upper limit to the amount that can be 
applied as fertilizer. 
While the open flow system in the Boone Formation appears to be conducive to denitrification. it does 
little to attenuate movement of bacteria. Bacteria concentrations were typically 1 to 3 orders of 
magnitude greater in the Boone springs and Braly Spring when compared with Tanyard Spring. 
Orndorff (1999) prepared a student's T-test on water quality data from the Boone Formation and 
Batesville Sandstone. The parameters included were chloride, sulfate, nitrate-N, ammonium, TOC, fecal 
coliform. alkaJinity, specific conductance, and sodium. The results of the student's T-test indicates that 
there is a 95% or greater certainty that the water in the two formations is significantly different . 
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Effectiveness of BMP's 
Assessing the effectiveness of BMP's over the duration of the project has been problematic. There is a 
tremendous amount of data that shows the impacts associated with animal-waste application but only 
limited time to demonstrate the impacts BMP's might have on ground-water quality. The first phase of 
the project involved establishment of background water quality at each spring and assessment of existing 
BMP's within the recharge area of each spring. This was followed by development of new farm 
conservation plans in conjunction with the landowners within the recharge area and the local offices of 
the Natural Resources Conservation Service. Many of these new conservation plans are just now being 
completed and are currently being implemented. It is also noted that there are variations in water quality 
at each site associated with annual and seasonal climatic fluctuations. To date, these variances tend to 
be greater than any impacts associated with the implementation of BMP's. Orndorff ( 1999) prepared a 
student 's T-test for comparison of pre-BMP and post-BMP contaminant concentrations at Tanyard 
Spring. She noted that no significant difference exists between in most water quality parameters for this 
spring as a result of BMP implementation. Two of the parameters that did show a significant difference 
(ammonium and fecal coliform) actually increased in concentration after BMP implementation. 
Phosphorus was the only parameter to show a significant decreased concentration. Orndorff (1999) also 
indicated that variation between storms and seasons may account for the lack of response to BMP's 
implemented within the recharge zone at Tanyard Spring. Peterson (1998) noted seasonal variation 
between three storm events sampled in 1997 (February, May, and August). He observed that over the 
storm hydrograph for the February storm pulse over 500 kg of nitrate-N were discharged from Stafford 
Spring. This was more than 1.5 times the load of nitrate-N discharged during the May event and over 6 
times as much as during the August storm pulse. While this may be partially due to variance in the 
intensity and duration of the storm events it does illustrate significant seasonal variation in water quality. 
Peterson et al. (2000) have developed a model that may provide a mechanism to monitor impacts to the 
springs associated with BMP implementation. The springs were sampled at discrete times over the 
hydrograph of selected storm events to assess water quality. Each spring is equipped with a data logger 
which continuously records stage, temperature and specific conductance. There are no continuous data 
available for nitrate-N concentrations. However, stage and conductivity data are indicative of nitrate-N 
concentrations at these springs. Regression analyses were employed to determine if a relationship 
existed which could be used to estimate nitrate-N concentrations at any given time over the storm 
hydrograph. A number of regression analysis techniques were utiLized to determine the best 
approximating equation. First, linear and non-linear regression analysis was perfonned using the level 
as the independent variable. Then multiple regression analysis was conducted followed by a piecewise 
multiple regression analysis. All multiple regression techniques used stage and SP as the independent 
variables. 
Correlation coefficients for the regression analysis ranged from 50 to 95%, with J 5 of 20 coefficients 
greater than 70% (Peterson et al., 2000). The resulting regression equations were compared to the actual 
nitrate-N concentrations produced over the storm hydrograph at each spring. Average error values were 
under 15%. The regression equations were then used to predict the nitrate-N concentrations at all points 
where stage and conductivity were known. These values have helped reveal seasonal variations in 
nitrate-N concentrations associated with each spring. All ofthe regression methods provided acceptable 
results. However, the piecewise multiple regression method provided the best correlation. An example 
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Modified Peterson et al 1997 
Each spring has a somewhat unique flow system with different proportions of conduit to diffuse flow; 
therefore, each spring produced different equations. The regression analysis showed the relationship 
between stage, conductivity, and nitrate-N for each spring. They also provide a method of 
approximating nitrate-N concentrations when limited data are available. If the correlation coefficients 
change significantly (10 to 20% change) in the future, it would indicate that there has been a change in 
the basin resulting in a change in SP or stage of the spring. A more detailed inspection of changes in the 
coefficients in each equation needed to attain the maximum correlation will provide clues to potential 
changes in the basin that may be impacting SP or stage. These data, in conjunction with a minimal 
number of water-quality samples, can be used to assess either positive or negative impacts from BMP's 
to ground water-quality for each spring. This method bas application in other karst basins where 
significant animal wastes are applied even though the equations for each spring are somewhat unique. It 
only requires a minimum of actual analyzed samples in conjunction with continuously monitored stage 
and SP data to establish an equation for a particular spring. 
Water-Quality Technician Training 
The Conservation District Water Quality Technicians were trained in the fundamentals of karst 
hydrogeology so that more effective waste management or conservation plans can be developed in the 
karst terrane of northwestern Arkansas. The course emphasized important features to observe when 
working in karst settings, including karst features such as sinkholes and fractures, losing stream 
segments, and soils which allow rapid infiltration and recharge of ground water 
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The course was provided to all of the technicians in five counties in northwestern and north~central 
Arkansas where grant funding has allowed their placement and where karst aquifers are located. The 
course was offered on three occasions, as new technicians were hired during the course of the project in 
three counties. Individuals from the Cooperative Extension Service and the NRCS also attended some 
of the courses. The training sessions were held on June 12 and November 7, 1996, and on August 7, 
1997. 
Instructional materials for the course were acquired from the following organizations: Arkansas 
Geological Commission, A WRC, USGS, Pennsylvania Geological Survey, Illinois Geological Survey 
and the Missouri Geological Survey. Instruction materials presented included 78 slides, 20 overhead 
projections, 6 information sheets, and a video entitled "Secrets of Limestone Ground Water". The 
course provided a valuable service for the technicians, introducing them to the unique nature of karst 
hydrogeology, and informing them of critical karst features that they should document during the course 
of their work. 
AS WCC also provided technical assistance to the Water Quality Technicians to assist them in 
developing more effective waste management plans in the karst terrane of northwestern Arkansas. 
During the faU and winter of 1996, karst maps of 5 northern Arkansas counties were prepared and 
forwarded to the technicians. Each map showed the outcrop area of limestone and dolomite formations 
to allow rapid assessment of karst localities. In February J 997, critical soils subject to rapid recharge 
were identified at each of the five demonstration projects. ASWCC recommended proper grazing 
height, reduced volumes of litter, and/or split applications on these soils. It was also recommended to 
avoid spreading on these soils during rainy weather or when rain was expected. Technicians in northern 
Arkansas were asked to evaluate soils at aU farms where waste management plans are generated. Soil 
data spreadsheets were recommended to include soil Map Symbo~ Series Name, Soil Texture, Depth to 
Bedrock, and Soil Permeability of each soil on the farm. From this spreadsheet, determination of critical 
soils subject to rapid recharge can be accomplished. 
Documenting Pre-Existing BMPs 
Pre-existing BMPs at the four FFY 1994 demonstration projects were documented during the summer of 
1996. Existing BMPs at the FFY 1995 demonstration project were documented between February and 
May, 1997. Documentation of pre·ex.isting BMPs involved review of WMPs and conservation plans at 
the county NRCS offices, interviews with landowners and farm managers, and review of liquid waste 
permits at Arkansas Department of Pollution Control and Ecology (ADPC&E). Active BMPs not 
obtained by ASWCC through these means were documented by the Water Quality Technicians or the 
NRCS District Conservationist (Washington County). 
In January, 1997, a BMP spreadsheet was prepared for each of the technicians in the demonstration 
project counties. The spreadsheet was updated as additional pre-existing BMPs were discovered 
through subsequent landowner contacts or WMP review. The spreadsheet contained the farm 
identification within the spring basin, and the pre-existing, recommended, and implemented BMPs with 
the associated acreage of each. The BMP data were delivered to each technician to provide a useful aid 
for field documentation of BMP recommendations and implementation at each demonstration site. The 
BMP data are included in Appendix D. 
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Implementation of Karstic BMPs 
lmplementation of karstic BMPs in northwestern Arkansas began during the summer of 1996 following 
training of the technicians in the fundamentals of karst hydrogeology. Subsequent to this training, all 
waste management or conservation plans generated for farms in karst terrane included karstic BMPs. 
The technicians and landowners were primarily responsible for implementation of new BMPs, however, 
landowner contacts by ASWCC also served to inform landowners of the project objectives and the need 
for BMP implementation. 
Karstic BMPs were selected from the list contained in Arkansas' NPS management program in 1994. 
Additional BMPs were added by the project geologist in 1996 as potential karstic BMPs. Karstic BMPs 
and potential karstic BMPs are listed in Table 4 and in Appendix D: 
Table 4 - Karstic BMPs and Potential Karstic BMPs. 
KARSTIC BMPs POTENTIAL KARSTIC BMPs 
Anaerobic Digestion of Liquid Waste 
Approved Dead Animal Burial 
Composting Facility (312A) 
Critical Area Planting (342) 
Dead Poultry Composting Facility 
(3 12A/317) 
Proper Grazing Use (528) 
Waste Management System (3 12) 
Trough or Tank (614) 
Waste Storage Structure (313) 
Waste Utilization (633) 
Field Borders (386) 
Grassed Waterway or Outlet ( 412) 
Heavy Use Area Protection (561) 
Incineration of Dead Animals 
Nutrient Management (680) 
Deferred Grazing (352) 
Fencing (382) 
Filter Strip (393) 
Livestock Exclusion ( 4 72) 
Extrusion ofDead Animals 
Pasture and Hayland Management (51 0) 
Commercial Dead Animal Disposal Services 
Rendering of Dead Animals 
Freezing of Dead Animals 
Spring Development (574) 
Waste Storage Pond ( 425) 
BMP implementation included meetings with large poultry producers in all three northwestern Arkansas 
counties where the demonstration projects are located. All were cooperative and showed willingness to 
assist with the project following an initial contact by ASWCC. Two large producers agreed to cooperate by 
signing cooperative agreements. One corporation agreed to cooperate, but would not sign a cooperative 
agreement because they claimed it was too binding to the company. 
BMP implementation at the five demonstration projects began in September, 1996. Listed below is a 
summary ofBMP implementation at each of the demonstration projects: 
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Tanyard Spring Demonstration Project, Carroll County 
A revised WMP was delivered to the single turkey operator in the recharge area of Tanyard Spring in 
September, 1996. All BMPs recommended in the plan were implemented in early 1 997 and include those 
listed in Table 5. 
Table 5 - BMPs Implemented at Tanyard Spring Demonstration Project 
Farm Number BMPs Implemented Number of Acres or Units 
164 313 1 unit 
633 4 1 






574 1 unit 
614 1 unit 
Stafford Spring Demonstration Project, Carroll County 
In the Stafford Spring basin, 26 conservation plans were active upon initiation of the project. New BMPs 
were implemented through verbal agreements between the landowners and the technicians. Initial BMP's 
recommended by the water quality technician in the basin were implemented in the basin during the spring 
and summer of 1997. Additional BMPs were added in 1998 and 1999 as some farms added freezers for dead 
bird storage. Implemented BMPs include those listed in Table 6. 
Table 6. BMPs Implemented at Stafford Spring Demonstration Project 
Farm Number BMPs Implemented Number of Acres or Units 




313 1 unit 
903 590 40 
510 40 
633 40 
904 574 1 unit 
614 1 unit 
516 1 unit 
590 110 
510 110 
905 590 30 
510 30 
906 590 20 
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Table 6(cont.). BMPs Implemented at Stafford Spring Demonstration Project 
Farm Number BMPs Implemented Number of Acres or Units 
510 20 




907 590 15 
510 15 
614 1 unit 
516 I unit 
574 1 unit 
909 590 150 
510 150 
633 100 




317 I unit 
313 1 unit 




3 1 ~ I unit 




312A I unit 
313 l unit 
912 510 20 




313 1 unit 
913 510 25 




313 1 unit 
317 I unit 
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Table 6(cont.). BMPs Implemented at Stafford Spring Demonstration Project 
Farm Number BMPs Implemented Number of Acres or Units 
915 510 70 
91 6 590 140 
510 140 
633 140 
7 312A 1 unit 









317 2 units 
313 1 unit 
218 510 100 




313 1 unit 
317 1 unit 








313 1 unit 




313 1 unit 




313 l unit 







BMPs Implemented at Stafford Spring Demonstration Project 
BMPs Implemented Number of Acres or Units 
633 30 
312 30 









BMP implementation summary for Carroll County demonstration projects: Waste Management Systems 
(312) on 17 farms, Waste Storage Structures (313) on 15 farms (includes freezers), and Composters 
3l2A/3 17) on 6 farms. Filter Strips and Field Borders were established on 1 farm, and improved Pasture and 
Hayland Management (510), Nutrient Management (590), and Waste Utilization (633) were established on 
numerous farms (21-29) within the recharge boundaries ofthe two springs. 
During landowner contacts in the Stafford spring basin, ASWCC received reports of unpermitted liquid 
waste spreading in the recharge area of the spring. Although these reports were not confirmed, appropriale 
contacts were made to the local Conservation District to investigate. In addition, burial of sludge from the 
local sewage treatment plant was also reported in the recharge area. This represents a potential point source 
of contaminants within the recharge area of the spring. 
The ASWCC's geologist met with a large turkey producer in Green Forest in May, 1997. This producer has 
significant operations in the recharge area of Stafford Spring. The landowner agreed to cooperate and 
contact the local NRCS office to have existing waste management plans updated or new plans generated for 
all of his contract growers. 
During June, 1997, it was determined that the producer had not contacted the NRCS. As a result of this 
inaction, a sample memorandum from the producer to his contract growers was prepared. The memorandum 
recommended that all of the producer's contract growers who did not have WMPs to contact the NRCS to 
request plans. For those who had plans generated prior to 1993, the memorandum requested that their plans 
be revised. The memorandum was delivered to the producer on June 12, 1997, with a request that the 
memorandum be typed on company letterhead and delivered to the company's growers. The producer 
subsequently delivered the memorandum to his contact growers, and at least two operators (outside the 
recharge area of Stafford Spring) have contacted the NRCS at this time. 
Decatur Spring Demonstration Project, Benton County: 
Many new BMPs have been implemented by farmers in the recharge area of Decatur Spring. Three new 
waste management plans have been generated. New or improved BMPs in the spring basin were 
implemented during the spring and summer of 1997 and include the following: 
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BMP implementation summary for Decatur Spring: New or improved Nutrient Management (590) and 
Pasture and Hay land Management (510) on I 0 farms, improved Waste Utilization (633) on 9 farms, a 
stacking shed (313) on 1 farm. and a Dead-bird Composter (312A) on 1 farm. 
BMPs recommended by the technician, but were not implemented include Fencing (382), Livestock 
Exclusion (472), and Deferred Grazing (352) on 2 farms. These BMPs were recommended to exclude 
livestock from suspected losing stream segments. 
Table 7 - BMPs Implemented at Decatur Spring Demonstration Project 
Farm Number BMP Implemented Number of Acres or Units 
930 510 154 
680 154 
633 154 
932 510 130 
680 130 
633 130 
933 510 529 
680 529 
633 529 
934 510 45 
680 45 
633 45 
935 510 21 
680 21 
633 21 
321 510 10 
680 10 
312A 1 unit 
3 510 39 
633 39 
680 39 
313 1 unit 
319 510 20 
680 20 
633 20 
284 510 49 
680 49 
633 49 
309 510 28 
680 28 
633 28 
Three new waste management plans were generated by the Water Quality Technician in the recharge area of 
the spring. A few other plans were considered by farmers in the basin, however, none were requested or 
generated. 
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Potential point sources of contamination in the spring basin include buried sludge from the local sewage 
treatment plant and a dead bird disposal s ite which were reported in the recharge area of the spring. 
A meeting was held on June I 0, 1997 with a large poultry producer and landowner in the Decatur Spring 
recharge area. Recent samples collected at these farms indicated high phosphate concentrations in soils. 
During the meeting, it was emphasized that ASWCC was committed to making the voluntary dry litter 
program a success. The producer agreed to cooperate and follow the recommendations of the technician 
which included improved nutrient management and waste utilization. No litter was recommended for fields 
with phosphate concentrations greater than 300 lbs./acre. The potential for marketing litter was discussed, 
however. the owner of the company has refused to participate in litter markets in the past. The farm manager 
stated there was potential for future participation in marketing their litter to avoid spreading on fields with 
high concentrations of phosphate. Recent communications with the producer revealed that additional land 
was purchased to avoid spreading on fields with high phosphate. 
Braly Spring Demonstration Project, Washington County 
In Washington County, BMP implementation was initially delayed during the summer of 1997, due to the 
resignation of the Water Quality Technician. The Conservation District has subsequently hired new 
technicians, with four currently employed. Requests by AS WCC to the NRCS and Conservation District 
allowed a concentrated effort in the Washington County project areas for BMP implementation during fall 
and winter of 1997 through 1999. As a resu lt, seven new plans were generated at the Braly Spring 
Demonstration Project. Refer to Table 8 and Appendix D for a list of implemented BMPs and associated 
acreage at Braly Spring Demonstration Project. 
During landowner contacts at this demonstration project, A WRC received a report that dead animals were 
disposed in a former sinkhole upgradient of the spring. In addition, ASWCC received reports of an 
improperly maintained well that was recently repaired within the recharge area. There were also reports of 
unpermitted liquid waste spreading within the recharge area. None of these reports were confirmed by field 
observation. 
Table 8. BMPs Implemented at Braly Spring Demonstration Project 
Farm Number BMP Implemented Number of Acres or Units 
321 510 145 
590 145 
633 145 
341 510 12 
393 l unit 
590 27 
633 27 
323 510 48 
633 48 
590 48 
312 I unit 
393 1 unit 




Table 8(cont.). BMPs Implemented at Braly Spring Demonstration Project 
Farm Number BMP Implemented Number of Acres or Units 




312A 2 units 
393 1 unit 
402 510 52 
590 52 
633 52 
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Little Wildcat Spring Demonstration Project, Washington County 
At Little Wildcat Spring, efforts by the water quality technicians in 1998 and 1999 resulted in completion of 
two new WMPs. One large poultry producer with operations within the recharge area of the spring 
responded to incitement by ASWCC to acquire WMPs for their operations in Washington County. In 
August, 1997, they requested WMPs for all of their corporate farms ( 10 farms) as well as their contract farms 
in Washington County. Two of the farms are within the recharge boundary of the spring. Currently, one 
independent operator's WMP is in progress and two of the corporate farm's WMPs are pending in the 
recharge area of the spring. These plans should be completed in 2000. Refer to Table 9 for a list of 
implemented BMPs and associated acreage at Little Wildcat Spring. 
One landowner in the recharge area of Little Wildcat Spring reported possible unpermitted liquid waste 
spreading and overspreading of dry litter in the area According the this landowner, grass in some fields had 
been killed as a result of overspreading. Initial research of ADPC&E permit records found no liquid waste 
permits issued for land in this area ADPC&E permits for liquid waste which are older than two years, 
however, are not recorded on their computer data base and are difficult to access fo r a specific property. 
Permits older than two years can only be accessed by the county, operator's name, or permit number. A 
request to ADPC&E for update of their computer database to allow determination of active liquid waste 
permits within a given area was not enacted. Consequently, only one permit for liquid waste spreading in the 
recharge area of the spring was subsequently identified. The location of this property, however, was 
different than the s ite reported by the landowner. ASWCC reported possible illegal spreading of waste in the 
area to the ADPC&E Water Division inspector in Washington County. 
Table 9. BMPs Implemented at Little Wildcat Spring Demonstration Project 
Farm Number BMP Implemented Number of Acres or Units 
~ 3~ n 











313 I unit 
BMP implementation summary for Washington County demonstration projects: Waste Management 
Systems (312) on 3 farms, Waste Storage Structure (3 I 3) on 1 farm (freezer), and a Dead-Bird Composter 
(3 12A) on 1 farm. Filter Strips were established on 6 farms, and improved Pasture and Hayland 
Management (510), Nutrient Management (590), and Waste Utilization (633) were established on 9 farms 
within the recharge boundaries ofthe two springs. 
Project Results 
Hydrogeologic Assessment 
The hydrogeologic assessment performed by the USGS served to delineate the recharge boundaries of the 
springs to define the areas where karstic BMP implementation was required. The assessment also provided a 
hydrogeological framework to provide a basis for interpretation of the water quality data. In addition, the 
water quality data facilitated the hydrogeologic assessment through interpretation of the hydrogeologic 
setting and hydrostratigraphic and hydrochemical analyses. See Appendix I for a detailed hydrogeologic 
discussion of each demonstration project. 
Water Quality Monitoring 
The water quality monitoring program designed and implemented for this project was intended to assess 
water quality variations resulting from the implementation of BMP's within the watersheds of the selected 
springs. Significant data were collected over several storm events over the five year project. These data 
were sufficient to characterize the quality of the water and to related water quality from different formations 
such as the Boone Formation and the Batesville Sandstone. The data represent a valuable resource that may 
be used as background for much of the future water quality efforts in the karst areas of northwestern 
Arkansas and surrounding vicinity. Data collection was not extended over a sufficient time for viable 
assessment ofBMP effectiveness. Given the large seasonal and storm driven variations in water quality at 
each site, it may not be realistic to adequately assess BMP effectiveness over such a relatively short time. It 
is recommended that these sites be sampled again over storm pulses at a designated interval of three years. 
This would mean the next sampling would occur in the spring of2002. 
BMP Implementation 
BMPs associated with waste utilization were the primary BMPs implemented at each demonstration project. 
These BMPs are associated with the timing and rate of spreading of poultry litter and include Waste 
Management Systems (312), Nutrient Management (590), Waste Utilization (633), and Pasture and Rayland 
Management (5 1 0). Other BMPs implemented at the projects included waste management practices such as 
Composting Facilities (312A), Waste Storage Structures (313), Filter Strips (393), Field Borders (386), and 
proper dead bird disposal methods. Farm practices such as Watering Tanks (6 14), Pipelines (516), and 
Spring Development (574) were also implemented at various sites. Some BMPs were recommended by the 
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technicians, but were not accepted nor implemented by the farmers. These BMPs include Deferred Grazing 
(352). Fencing losing stream segments (382), or Heavy Usc Area Protection (561). Some fanners stated that 
they would consider these BMPs if cost sharing were available. See the previously listed section of 
lmplemenlalion of Karstic BMPs for a complete list of implemented BMPs at each site. See Appendix D for 
a BMP spreadsheet that Usts each farm at each demonstration project site with associated pre-existing. 
recommended, and implemented BMPs. 
Conclusions 
The goal of this study was to prevent non-point source contamination of the ground-water resources in the 
karst terrane of northwestern Arkansas. The objective of the project was to evaluate the effectiveness of Best 
Management Practices (BMPs) in preventing non-point source contamination. Numerous BMPs were 
emplaced during the course of the project, and BMP implementation is continuing at the demonstration 
projects and throughout the karst region of Arkansas. 
Water Quality summary 
Water-quality data were sufficient to characterize the quality of the water and to compare water quality from 
different formations such as the Boone Formation and the Batesville Sandstone. The data represent a 
valuable resource that may be used as background for much of the future water quality efforts in the karst 
areas of northwestern Arkansas and smrounding vicinity. Specifically, it was determined that all springs 
sampled were impacted by external sources of contaminants. Predominant water quality impacts observed at 
the springs were related to nitrate-N and fecal coliform. Concentrations of nitrate-N within the Boone 
Formation were generally below the MCL of I 0 mg!L. Concentrations of nitrate-N in the Pitkin Limestone 
were observed to be consistently above the MCL. This is attributed to a point source of contamination 
within the watershed for Braly Spring. Concentrations of nitrate-N in water from Tanyard Spring were often 
over the MCL during storm events. The data indicate that groundwater recharge and flow to this spring 
occurs by a different mechanism than recharge and flow within the Boone and Pitkin formations. All of the 
springs were significantly impacted by bacterial loading during storm pulses. This appears to present the 
major groundwater quality concern for the shallow karst aquifer in northwestern Arkansas. Additional 
research is needed to better define the explicit source of these bacteria, the mechanism of movement into and 
through the aquifer, and the ability of bacteria to survive within the karst aquifer. Significant health 
implications may be associated with the presence of these bacteria in this shallow open flow system. 
Variance in water-quality parameters resulting from spatial and temporal variability of precipitation was 
greater than any benefits gained from the implementation ofBMPs. Therefore, it was not possible to identify 
water-quality improvements related to BMP implementation. 
ASWCC worked closely with the NRCS and the local Conservation Districts to select applicable BMPs at 
each demonstration project. Most recommended and implemented BMPs were associated with the timing 
and rate of spreading and management of poultry litter. Other implemented BMPs included waste 
management practices such as composting facilities, waste storage structures, and proper dead bird disposal 
methods. Farm practices such as watering tanks, field borders, pipelines, and spring development were also 
implemented. Recommended BMPs such as deferred grazing, fencing of losing stream segments, or heavy 
use area protection were not enacted by any farmers, although some would consider these options if cost-
share mechanisms were available 
All of the Water Quality Technicians in northwestern and north central Arkansas were trained in the 
principles of karst hydrogeology so that more effective waste management plans can be developed. The 
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technicians were trained to recognize critical soils, losing stream segments, and karst features that aUow 
rapid recharge of ground water. 
Poultry growers and integrators in the State should be well educated in the effects that proper farming 
practices have on water quality in karst terrane. Experiences meeting with the farmers demonstrate that the 
more informed the farmers are, the more likely they are to implement the recommended water quality BMPs. 
Reported actions of some farmers in the region suggest a general aversion to governing organizations, with 
little regard for suggestions made by the technicians or District Conservationists. Although this is 
characteristic of only a few farmers, many others have witnessed the degradation of the environment in their 
local area during the past two decades, and are aware of the problems associated with water quality. These 
farmers are generally willing to cooperate and preserve water quality through altering their farming practices, 
if they are educated in the benefit potential for themselves and their neighbors. Although the NRCS and the 
Conservation Districts are doing a fine job in informing farmers of proper management practices, more effort 
could be pursued in the area of public education. 
Landowner cooperation was an important attribute to the success of this project. Seven cooperative 
agreements were signed to allow project worker access to properties. These included three poultry operators 
and four spring owners. Some other operators cooperated with the project without signing an agreement. 
Landowner cooperation was required to ensure a successful effort for the project. 
The cooperation of some of the larger corporations and local governments was also beneficial to the project. 
Many of the poultry corporations are realizing that protecting water quality is a good public relations 
strategy, and may be a good marketing strategy. The news media in northwest Arkansas has provided 
prominent coverage concerning the problems associated with water quality in the area, and the public is very 
concerned, as well as elected officials. Positive reports of corporations making a concerted effort to protect 
water quality will only result in tangible benefits to these companies. 
The towns of Green Forest and Decatur provided access to their springs for ground-water monitoring and 
served as project cooperators. Stafford Spring served as the former water supply for the town of Green 
Forest. Access to the spring structure allowed placement of an automatic sampler for monitoring. The town 
of Decatur also allowed monitoring of Decatur Spring, which serves as a water supply the town. 
In conclusion, the State should utilize available resources or seek additional resources to encourage the 
currently underdeveloped dry litter waste market within the State. Well developed litter markets could foster 
composting efforts to process the litter into viable commercial products or allow transfer of the litter to areas 
where it provides the greatest value as fertilizer without threatening water quality. 
To preserve the technical assistance required for development of waste management plans in the State, 
funding for the Water Quality Technicians should be adequately preserved, if not expanded to provide for 
placement of more technicians. These technicians perform an essential duty in development of these plans 
and implementation ofBMPs. Without the technicians providing this ''front line" service to the farmers, it is 
doubtful if many of nonpoint source projects could be successful. These technicians provide a valuable asset 
in protecting water quality in Arkansas. 
Another resource that is valuable in protection of the ground-water quality of the region, are the cost-sharing 
mechanisms, which have been responsible for implementation of numerous BMPs. These funding 
mechanisms provide considerable incentive for farmers to implement applicable BMPs. Preservation of 
these cost-share measures is very important for resource conservation in the future of northwestern Arkansas. 
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APPENDIX A 
METHODOLOGY FOR DELINEATING GROUND-WATER RECHARGE AREAS OF 
SPRINGS IN THE CARBONATE-ROCK T ERRANE 
OF NORTHWEST ARKANSAS, AND APPLICATION TO FIVE 
SEPARATE SPRING BASINS WITHIN THE REGION 
John Van Brahaoa and Ralph K. Davis 
INTRODUCTIO N 
This report describes I) a study to develop a consistent, cost-effective, meaningful rationale 
that can be used to delineate the recharge area of spring basins in the carbonate-rock terrane of 
the Springfield Plateau physiographic province (SP) in the southern Ozark region of 
northwestern Arkansas (fig. A I), and includes 2) application of this methodology to 5 separate 
spring basins within this physiographic and hydrogeologic region of tbe State (fig. A2). This 
study is part of a larger research effort supported by the U.S. Environmental Protection Agency's 
319 program and administered by the Arkansas Soil and Water Conservation Commission. The 
larger effort involves an interdisciplinary, interagency team of researchers whose ultimate goal is 
to assess changes in spring-water quality resulting from introduction of best-management 
practices (BMP's) to each of the five basins. The basins currently are experiencing varying 
degrees of agricultural and human development, and represent a wide range of diversity of 
ground-water conditions in the shallow karst aquifers of the SP. 
Problems Witb Delineating Karst Basins 
The problems of delineating the recharge area of ground water to a karst spring are numerous, 
and traditional hydrologic methods are not appropriate (Quinlan and Ray, 1981; White, 1988; 
Quinlan and Ray, 1995; and Ray (1997). Unlike surface watersheds, which have boundaries 
defined by topography, ground-water basins in karst terranes are controlled by the occurrence 
and attributes of subsurface permeability distributions that typically are poorly characterized, 
difficult to predict, non-homogeneous, anisotropic, and notoriously site-specific. Unlike ground-
water basins in porous media, karst ground-water basins typically do not coincide with easily 
mapped surface-water divides, and most karst-basin delineation historically has required 
intensive, costly, site-specific studies. Unlike naked karst basins elsewhere in the United States 
and the world, the mantled karst of the SP offers few clues about major input points to the 
system. The SP is underlain primarily by carbonate rocks with varying percentages of insoluble 
impurities that range from less than five percent to greater than 70 percent (Stanton, 1993). 
These insoluble components, mostly chert and clay, mantle the upper surface of the bedrock and 
mask most of the karst features that result from dissolution and chemical weathering of the 
limestones. Surface-karst features are typically visible only where a relatively pure-phase 
carbonate rock lies within the zone of shallow ground-water flow, generatJy at a depth of no 
more than 7 meters below land surface (Fanning, I 995). Hydrogeologically, the shallow aquifer 
of the SP is in direct hydraulic contact with many of the surface streams, and stream-piracy is 
well documented (Freiwald, 1987). The SP has a wide range of heterogeneous and anisotropic 
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ground-water llo'" cond1t1ons typical of karst aquifer~. Pans of the SP region currently are 
experiencmg intense agricultural and human development . 
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Figure A1.-Physiographic provinces of the Ozark Pktteau. 
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Rgure A2.-Approxi~ loattions or the five spring basins studied in this ~port. 
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To further complicate the matter of karst ground-water basin delineation, basin boundaries 
typically change wi1h natural, seasonally-varying water levels. One way to mentally picture this 
difficult concept is to think of a circular ceramic container that has holes drilled into it at 
different levels all around the container. As water is added to the container (a change identical to 
rainfall recharging the aquifer), water level rises, and if the rate of water addition is greater that 
the rate of water outflow through the low-level holes, outlets at a rugher level begin to transmit 
water from the vessel, commonly in different flow directions. This is analogous to rising water 
levels in the aquifer intercepting high-permeability zones, and being diverted to outlet points 
(such as springs) that under base-flow conditions do not receive water from this source. These 
higher-level outlets are caJJed overflow-conduit systems, and they are a consequence of limited 
underflow capacity in the ground-water system (Ray, 1997). Stanton (1993) previously 
documented their existence in northwest Arkansas, and ongoing testing by the University of 
Arkansas Field Hydrogeology classes (G.P. Stanton, U.S. Geological Survey, written comrnun., 
1 996) reconfirmed their presence using numerous hydrogeologic tools. 
Objectives 
There are three main objectives of this appendix. 
Objective I) The primary objective is the development of a specific conceptual model of 
ground-water flow for each of the five spring basins. Included in this conceptual model are 
defmition of the hydrostratigraphic framework, delineation of relevant now boundaries, 
determination of selected background water-quality attributes of the spring, description of 
important structural geologic attributes within and nearby the basin, description of mapped 
geology and soils within the basin, compilation of a karst inventory, and determination or 
estimation of flow directions and travel times. 
Objective 2) The second objective, and of utmost importance to the overall implementation of 
BMP's, is to use lhe conceptual model in delineating the area contributing ground-water recharge 
to each spring. For this report, the areas have been defined as accurately as existing data pe11Irit, 
and the degree of accuracy has been assessed with a qualitative ranking. Delineated areas have 
been refined in an informal iteration with olher project teams as ongoing dye-trace studies are 
completed, and as other relevant research in each basin becomes available. 
Objective 3) The third objective of this appendix is to compile documentation of the known 
hydrogeology of each basin, including references and relevant data. 
Scope 
The boundaries oflhe spring basins delineated herein are approximated based on all available 
data, but are probably neither constant for the naturally varying water-level conditions that occur, 
nor accurate enough for problems involving site-specific contamination remediation. For these 
reasons, this study has adopted a conservative delineation rationale that includes a buffer zone to 
assure that the BMPs encompass a recharge area slightly larger than actual areas that contribute 
to the basin under rustorically-docurnented hydrologic conditions. This conservative 
methodology is consistent with delineation in karst basins elsewhere, and is considered the 
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preferable. co5t-e0ective approach v.hen remediation is not involvt::d (Schindel and others. 
1995) The methodolog} described herein does not supercede the need for sttc-specific studtes. 
but it speeds the deli neat ton process. and focuses scientific attention (and limited resources) on 
hydrogeologic boundaries that are poorly defmed. 
Previous Resea rch 
The SP of the southern Ozarks has been stud ied recently at a regional scale by Imes and 
Emmett (199-l). and at an intermediate to local scale (fig. A3) by Brahana (1993. 1995a. 1995b) 
and students at the Universit} of Arkansas (Bartholmey and others, 1995; BoSiian and Brahana, 
1996; Doherty and Brahana, 1996; Fanning, 1995; Fanning and Brahana. 1993; Martin and 
Brahana, 1995; Monk and others, 1996; Roggio and others, 1996; Stanton. !993; and Stanton 
and Braha~ 1996). The complete methodology used herein is described in detail in Brahana 
( 1997a), and the application of the methodology to 5 spring basins in northwestern Arkansas is 
given in Brahana ( 1997b). The background, rationale, and application of using normalized base 
flow (1\TBF) in karst terranes is thoroughly presented in Quinlan and Ray ( 1995). Quinlan and 
others (1995), and Schindel and others (1995). Valuable hydrolog1c insight was derived from 
V.'hite (1977) and fretwald (1985; 1987). 
Figure A3.-Simplified CXJnceptual model showing 1111rying flow di rections I!NJd recharge ~HeM liS a Fundion 
ol 1111riabk! ~r kvel in shallow /Garst ~~quifers. 
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FACTORS AFFECTI~G GRO UND-WAT ER FLO W IN T HE STUDY AREA--
RATIONALE OF TH E CONCEPTUAL M ODEL 
Brahana and others ( 1988, table AI) tdentified more than 60 !actors that affect the 
hydrogeologtc response of carbonate rocks from throughout Nonh America In the SP of 
nonhwestem Arkansas, 4 general factors appear to dominate. Using the terminology of Brahana 
and others ( 1988), these arc I) lithology/stratigraphy; 2) structural geology/tectonic setting; 3) 
hydrology; and 4) weathcnng/geomorphology. 
Lithology/Stratigraphy 
Throughout much of the SP, lithology and stratigraphy (fig. A4) are the most important factors 
controlling ground-water flow because they define the existing three-dimensional framework, as 
well as the potential framework of flow-controlling properties. These properties include 
permeability, porosity, storativity, and leakance of the entire sequence of aquifers and confining 
units. and they are controlled by layer trucluless, sequence thickness, variability in texture, 
original porostty and permeability inherited from diagenesis, bulk chemical purity, mineralogy, 
and grain sue. In simplified terms, these factors aU define the potential for development of 
rughly variable dissolution within the aquifer, and thus control highly focused flow concentration 
along favored flow paths. 
Lithologtc control of hvdrogeology is also apparent in the relation between percentage of 
insoluble residues, such as chen and clay, and with the localizatton of smkholt:s and other karst 
features Smkholes are only common where the shallow SP aquifer is relatively pure, with no 
more than I 0 percent clay and chert (Fanning, I 995). At local to intermediate scales (less than 
100 meters [mj to greater than 1.0 kilometers [km]), the continuous chert layers function as 
confining units, effectively perching local water levels above the regional water level of the 
shallov. SP aquifer. Pure carbonate lithologies facilitate more completely developed surface 
karst features. Areas of relatively pure limestone in northwestern Arkansas include the sinkhole 
plain of eastern Carroll (Brahana and others, 1993) and southern Boone counties (Brahana and 
others, 199 J ), areas of the SP near the Eureka Springs escarpment where the Boone Formation is 
less than 7 meters thick or where the St. Joe Formation outcrops (Fanning, 1995), and areas 
where the Batesville Formation overlies the Boone Formation and is less than 4 meters thick 
(Stanton, I 993). ln areas where the insoluble residues of the Boone Formation range from 
greater than 20 to about 70 percent, the aquifer surface is covered by regolith of variable 
truckness, and sinkholes, dissolutionally-enlarged joints, and other surface karst features are 
masked by a veneer of chert and clay. The occurrence and thickness of shales of the 
Chattanooga confining unit exert a strong control on the vertical interchange of ground water 
between the shallow SP aquifer and the underlying aquifers. Where this confining unit is absent, 
ground-water flow systems appear to be well-developed and integrated vertically; where the 
conftning unit is present, the flow systems are effectively isolated, and act independently of one 
another. 
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Structural Geologyffectonic Setting 
Structural geology and tectonic setting define features of brittle fracture and tilting that 
enhance the concentration of flow within the integrated ground-water system Brittle-fracture 
features include systematic orthogonal joints and faults that allow local recharge to reach the 
deeper, more permeable parts of the flow systems. Faults are particularly important in the 
aquifers of the SP because they commonly are hydrogeologic boundaries, and they often have 
discernible surface manifestations wruch facilitate identification. Recent work using wireline 
geophysical logs documents that faults are much more common in northwestern Arkansas than 
previously mapped (Haley and others, 1976). This discrepancy is due to I) the thick sequence of 
the Boone Formation, which is lithological ly indistinguishable throughout much of the SP, and 
2) the thick cover (many meters to tens of meters) of regolith derived from the cherty limestone. 
The origin of many of the faults is thought to be rigid-block rotation associated with the Ouachita 
orogeny (Stanton and Brahana, 1996; Hudson, 1998). The faults are thought to represent 
adjustment in the brittle sedimentary cover to strain along preexisting basement fractures that 
trend northeast and northwest (Marshak and Paulsen, 1996); east-west trending faults are also 
common, and these are thought to have formed to accommodate crustal shortening, oriented 
approximately north-south during the Ouachita orogeny. 
Hydrogeologically, some faults facilitate vertical flow from overlying and underlying 
aquifers to springs and regional drains. Most faults in the SP, however, retard horizontal flow in 
the shallow aquifer. Whereas these faults initially developed high permeability after the 
faulting, over the course of geologic time they subsequently became infilled with sediment 
derived from the insoluble products of dissolution, and most original fault zones currently 
function as ground-water dams. For some of the major regional faults, permeability appears to 
be enhanced, and large springs and dissolution landforms commonly may be concentrated along 
these (Fanning, 1995). 
In addition to the brittle fractures that facil itate vertical movement of ground water in this 
sequence of aquifers and confming units, the orientation of the distinct lithologic units in near-
horizontal layers effectively concentrates most of the lateral flow in the shallow SP aquifer along 
bedding planes (Stanton, 1993; Brahana, 1996). Dips are typically less than five degrees, and the 
preferred flow paths along bedding planes arc oriented favorably in the phreatic zone to form 
continuous cells from points of recharge to points of discharge. The relation between faults, the 
low angle of dip of the aquifers, and springs is generalized into a tilted-block model of an 
idealized spring basin (fig. A5). 
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Hydrologic boundaries, represented by surface-water input forms of precipitation and 
captured streamflow, and outflow forms of springs, rivers, and drains, define gradients and 
control flow and transport in the shallow SP aquifer. Springs are natural, point-discharge sites 
from ground-water flow systems. Springs integrate flow areally and temporally throughout the 
region; in some cases, where the springs are localized astride faults, the springs integrate flow 
stratigraphically. Large streams and rivers typically are flow boundaries, serving as regional 
drains to the ground-water flow systems. Comparison of stream stage, precipitation, and 
continuous ground-water level data provide valuable insight into integrated aquifer response. 
The normal range of seasonal (nonpumping) water-level fluctuat ions exceeds 15 meters at some 
locations; velocities range from centimeters per day to meters per second (Stanton, 1993). 
Velocities are lowest in the regolith and the clay-choked bedding planes ofthe Boone Formation 
(Stanton, 1993), and fastest in the open conduits of the St. Joe Fonnation (Fanning, 1995), the 
pure phase limestone of the upper Boone Formation (Bartholmey, 1998), and the Pitkin 
Formation. During the nongrowing season with the cessation of evapotranspiration (November 
to April), vertical recharge commonly exceeds lateral ground-water flow following intense 
storms, resulting in water-level rises of several meters. During the growing season, evaporation 
and transpiration capture almost all of the recharge, and water-level rises are rare (Stanton, 1993; 
T. Sauer, U.S. Department of Agriculture, written commun., 1998)). 
In many of the ground-water basins of the SP, boundaries follow surface-water divides 
(Ogden and others, 1978), which can be easily represented in a surface watershed model (fig. 
A6). In some of the are~ however, ground-water divides are not coincident with surface-water 
divides, and interbasin diversion of ground water by karst piracy is common (Freiwald, 1987; 
Monk and others, 1997; Peterson and others, 1997; Sinor and others, 1997; and Bartholmey, 
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1998). Regional and intermediate-scale potentiometric maps of the shallow SP aquifer provide 
a sound approximation for estimating flow directions; on a site-specific scale, nonhomogeniety 
and anisotropy of the system require refmed defmition to identifY and monitor specific flow 
paths (Stanton, 1993 ). 
Spring 
Weatberiog/Geomorpbology 
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Weathering and geomorphology define the processes and areal distribution of the physical 
and chemical characteristics of the aquifer framework at the land surface. These factors control 
the breakdown of rock to soil, which affects the resulting regolith thickness, the infilling of the 
evolving aquifers by insoluble sediments, the vertical unloading of bedding planes due to 
erosion, and the horizontal unloading of joints due to escarpment retreat. Examples of these 
factors are present at research sites throughout Northwest Arkansas near the Eureka Springs 
escarpment and along the Buffalo National River, where ground-water conditions and karst 
features become more obvious at land surface (Chenoweth, 1997). Examples of these factors 
away from escarpments under more isotropic and homogeneous conditions include outcrop areas 
of the Boone aquifer where regolith thickness exceeds 17 meters. Although underlain by an 
variably-developed, generally poorly-defined, incipient karst aquifer, the regolith overlying the 
Boone Formation acts as a porous water-table aquifer that slowly releases water to recharge the 
underlying aquifer The hydrogeology of areas where regolith is thick may not be as sensitive to 
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specific land-use practices as those areas where regolith is thin or absent, and they also help 
maintain greater base flows of springs and srreams 
Integration of all data results in a conceptual model of ground-water flow and transport with 
major controls highlighted in a hybrid model (fig. A7). The hydrogeologic controls defined on 
rhis model are intended to simplify the complex physical system into factors that can be 
considered for basin delineation. 
·:· base-flow discharge of a spring is proportional to its drainage area 
•:• normalized base flows are similar for similar hydrogeologic conditions 
·:· lineaments identify possible faults 
·:· faults typically are no-flow boundaries 
·:· perched springs may occur where low permeability confining layers, also known as perching 
zones, intersect the land surface 
·:· numerous seeps identify areas where infiltrated water exceeds the recharge capacity of the 
ground-water system. AJI other factors being equal, areas of numerous seeps will have 
underflow springs with lower NBF than areas of few seeps 
·:· overflow springs typically occur a short distance upgradient from the intersection of a stream 
with a fault 
•:• allogenic recharge (stream piracy) typically occurs downgradient of the intersection of a 
stream with a fault 
•:• anomalously large base flow to a spring suggests stream piracy 
·:· regolith thickness affects the base flow of springs, with thicker regolith being characterized 
by greater base flow 
•:• karst features at land surface suggest low storage potential, and low base flow 
ono'I'Oioullr "'11'"""' llowll)l 0 0"<!1'1 cmo _., I)(:Uble S1recrn ooocv. 
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J n generaL the base-flow discharge of a spring is proportional to drainage area; faults act as 
flow boundaries or ground-water dams; stream piracy indicates anomalously high NBF for 
similar hydrogeologic condit ions; perched water levels indicate reduced areal recharge to 
intermediate-scale aquifers; regolith thickness is proportional to high sustained base flow; depth 
and orientation of dissolved zones define dip, spring basin boundaries, and location of springs in 
the Springfield Plateau. 
METHODOLOGY 
Spring-basin delineation for this study has been based on the acquisition of all available 
existing hydrogeologic data; field data collection is an essential step to fill in missing gaps. The 
delineation process attempted to integrate all known facts into a coherent, interdisciplinary 
conceptual model, and above all, to do this in a hydrogeologically-sound manner that could be 
scientifically verified. Input data in this study include: 1) low-flow spring discharge and 
normalized base flow that has been empirically defined for each ofthe distinguishable aquifers; 
2) closely-spaced wireline geophysical logs that intersect key units of the hydrogeologic 
framework; 3) driller's logs; 4) recurring monitoring of selected water-quality parameters; 5) 
field reconnaissance; 6) soils maps; 7) geologic maps; 8) karst inventories; 9) spring inventories; 
1 0) dye-tracing tests; 11) aquifer tests; 12) low-level color infrared photography; and 13) water-
level maps. 
These data provide the following insights and information: 1) determination of base flow 
provides the approximate size ofthe basin contributing flow--base flow is proportional to basin 
size; 2) wireline geophysical logs document dip direction of the rotated, rigid blocks which 
control ground-water flow directions; 3) driller's logs indicate dip direction ofthe rotated, rigid 
blocks, although they are not as desirable nor as reliable as wireline logs; 4) recurring monitoring 
of selected water-quality parameters allow designation of geochemical processes and ground-
water residence times, and commonly may be used to identify overflow springs, leakage from 
super- or subjacent aquifers, or isolated flow cells; 5) field reconnaissance provides an integrated 
overview of the conceptual model and a real-world verification and testing of the proposed 
delineation; 6) soils maps and 7) geologic maps provide areal distribution of potential 
boundaries, and topographic maps or digital elevation models are necessary for delineating 
surface watersheds; 8) karst inventories and 9) spring inventories provide symmetry of 
occurrence of observable features, and identify input and resurgence sites with which to assess 
hydrogeologic budget components and water quality attributes; 1 0) dye-tracing tests provide 
documentation of point-to-point subsurface flow; 11) aquifer tests allow assessment hydraulic 
properties of the aquifer- when compared to the three-dimensional distribution of permeability in 
the aquifer, these can allow quantitative testing of the conceptual model; 12) low-level color 
infrared photography, as well as the full suite of other remotely-sensed data, allows rapid 
definition of linear features, which are typically structurally controlled; and 13) water-level maps 
provide information on flow directions. Delineation of spring basins in other settings may 
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involve additional information. The criteria for inclusion here are relevance, scale. cost-
effectiveness, and practicality. 
The first step in approximating boundaries of the spring basin involves a calculation of the 
base flow of the spring, and is based on enough discharge measurements to define a smooth, 
low-gradient, exponential-decay curve. NBF of the spring basin is determined using the 
methodology and assumptions of Quinlan and Ray (1 995) and Schindel and others (1995). The 
NBF method is based on the assumption that similar hydrology, geologic framework, and 
climatic setting yield spring flow rates proportional to basin size. Normalizing is the process that 
sets flow to a common base for easy comparison between different spring basins; in this study 
the common base is liters per second per square kilometer (L/seclkm\ Using an empirical range 
of normalized base flow from hydrogeologically-similar, nearby basins, a range of approximate 
sizes of recharge areas can be estimated. 
The second step involves identifying and compiling the spatial distribution of aU nearby 
springs and other relevant hydrologic boundaries, as well as structural geo logy, topography, and 
geomorphology on a base map or in a geographic information system (GIS). Spatial distribution 
data should be supplemented by tables that document spring discharge, water-quality, and if 
available, dye tracing. Geologic sections showing structural control of the hydrogeology are 
particularly useful 
The third step ts an iterative, trial and error search for structurally-controlled or otherwise 
likely boundaries of all nearby springs so that the spring basin in question is completely 
surrounded. As much as possible, NBF of surrounding spring basins should be calculated and 
registered with observed discharges. All other data are used to assess and evaluate possible 
boundaries, and to plan for later tracing tests that will be used as a fmal documentation of 
boundary placement 
Application to Spring Basin Delineation in Northwest Arkansas 
Application of delineating the recharge area of five separate spring basins in the carbonate-
rock terrane of northwestern Arkansas is presented in the fo llowing section. The study basins are 
Tanyard Spring in Carroll County, Braly Spring in Washington County, Little Wildcat Spring in 
Washington County, Decatur Spring in Benton County, and Stafford Spring in Carroll County 
(fig.A2). 
Selection of the spring basins was based on the need for: 
•!• encompassing the hydrogeologic diversity of spring settings in Northwest Arkansas 
•!• including basins with existing agricultura l activities 
•:• easy accessibility of the spring during storm conditions 
•!• availability of the spring for long-term sampling 
All of these basins except Braly Spring lie in the Springfield Plateau physiographic province 
(fig A I), and all except Tanyard Spring show attributes of heterogeneous and anisotropic 
ground-water flow typical of karst. Not all of the basins, however, issue from karst aquifers or 
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exhibit karst landforms. (n fact, Tanyard Spring basin and the surrounding area shows more 
numerous sinkholes than any of the other spring basins, yet Tanyard Spring basin is the onJy 
nonkarst spnng of the five. Little Wildcat Spring, on the other hand, issues from the Boone 
aquifer, which is karstified, but shows the fewest sinkholes of the five within the second largest 
basin 
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Tanyard Spring, near Green Forest and Alpena, Arkansas 
County: Carroll 
U.S. Geological Survey 7.5-minute quadrangle: Alpena 
Spring elevation: 393 meters above sea level (estimated from topographic map) 
Latitude/Longitude: 361804 932150 
Location (Township): 19N22WI8CBD 
Discharge (base now): 0.0002 m3/sec (Rick Monk, University of Arkansas, written commun. 
1996) 
Area of spring basin at base flow: 0.2 km2 
Normalized base flow: 0.001 m3/slkm2 
Aliases: None, although the Alpena 7.5-minute quadrangle shows another spring named 
Tanyard about 0.5 k.m south of the location of our study spring 
Hydrogeologic Framework 
Tanyard Spring 1ssues from a bedding plane within the Batesville Sandstone in a west-facing 
bluff. The ground-water basin that provides water to this spring encompasses a narrow 
stratigraphic range (fig. A8). ll is bound below by a low-permeability zone within the Batesville 
Sandstone, although flow in part of the basin may occur in carbonate rocks of the upper Boone 
Formation. The upper surface of the aquifer in the basin includes the regolith developed on the 
Batesville Sandstone. 
St ructura l Control 
The structural control of Tanyard Spring is based on field observations, regional 
hydrogeology, dye-tracing in nearby basins, and ground-water geochemistry. No known 
geophysical logs have been run in this basin. Structural control is present, and plays an 
important role (along with lithology) in defining the extent of the spring basin. The aquifer is 
nearly flat-lying, as shown by the almost level geological contact of the Boone Formation with 
the overlying Batesville Sandstone on the geologic maps (William Bush and Boyd Haley, written 
comrnun., 1972; Haley and others, 1976). No dominant linear features have been observed in the 
recharge area of Tanyard Spring. However, linear features within 3 km of the basin, including 
lineaments, straight stream segments longer than 0.8 k.m, joints, and elongated sinkholes are 
common (fig. A9), and have dominant orientations ofN65~ and N30°W. 
No faults have been mapped in the Alpena 7.5-minute quadrangle (William Bush and Boyd 
Haley, written comrnun. 1972), which includes all of Tanyard Spring basin (fig. A9). No 
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evidence generated by this study indicates that unmapped faults are present v.ithin or as 
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Figure AB.-Hydtosbatigraphlc fnlmework of Tanyarc/ Spring. 
Soils in the area of Tanyard Spring basin are generalized into Linker-Cane-Mountainberg 
association, of which the Linker loam, with 3 to 8 percent slopes, represents more than 90 
percent of the basin (Fowlkes and others, 1981, inset sheet 25). These are typical of soils 
developed on the Batesville Sandstone, and are relatively well-drained, and have thickness 
reported to range from 50 to 1 00 em. 
Northeast of Tanyard Spring basin, soils are of the Noark series, which were formed in 
residuum of weathered cherty Boone Limestone. These soils are typically 150 to 200 em thick, 
well-drained, and moderately permeable (Fowlkes and others, 1981 ) 
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Karst Landforms 
For the most part, the area contributing to the flow ofTanyard Spring, and other similar low-
yield springs nearby (such as springs 5, 6, 7, 8, and 9 (fig. A9]), does not have surface-karst 
landforms. As is typical in most of northern Arkansas, karst features are present, but they are 
covered with residuum, and are not discemable in a flat upland setting such as the one that 
characterizes Tanyard Spring basin. 
Although it is outside the watershed thought to recharge Tanyard Spring basin, the area north 
and east from Tanyard Spring (fig. A9) exhibits some of the best-developed attributes of a 
sinkhole plain that can be seen in Arkansas, and represents a well-developed karst landscape, 
with Batesville Sandstone capping a pure limestone facies in the upper Boone Formation 
(Brahana and others, 1991 ; Brahana and others, 1993). Most of lhe sinkholes occur at elevations 
that are within the interval 360 to 370 m above sea level, and most are typically larger than 
s inkholes elsewhere in northwestern Arkansas that are developed by piping in the regolith that 
overlies the Boone Formation and the St. Joe Formation (Fanning, 1995). 
In addition to sinkholes, surface expressions of the dissolution of carbonate rocks nearby 
include karren, enlarged joints, enlarged bedding planes, sinking streams, caves, and springs 
(table A I). All of these features are strongly controlled by the occurrence of pure carbonate-
rock lithologies. These features are integrated into a well-connected ground-water flow system 
that captures most of the surface water and diverts it underground. 
Hydrogeologic Boundaries a nd Flow Domain 
Tanyard Spring basin is elevated above the regional base level, and the spring represents the 
upgradient point of surface-water occurrence in the watershed under all conditions except intense 
prec1p1tation events. No permanent streams are present above 393 m elevation, although 
intermittant streams extend above 412 rn; land surface in some of the plateau surfaces south of 
Tanyard Spring exceed 427 m. The general absence of streams indicates that precipitation that 
falls in the area generally infiltrates to recharge the ground-water reservoir rather than running 
off No surface water is pirated into this spring basin, but ground water from outside the surface 
watershed is thought to contribute to springflow, based on the area of contribution determined 
from the normalized base flow the spring. The normalized base flow for this basin was 
computed to be 0.001 m3/slkm2• Ground-water conclitions in this basin range from unconfined to 
partially confined. 
Tanyard Spring basin represents a small (less than five percent) areal component of tbe 
surrounding, hydrogeologically-similar terrane. This terrane topographically and 
physiographically encompasses the interval below the escarpment separating the Boston 
Mountains Plateau and the Springfield Plateau. A brief description of selected proximate basins 
has relevance in assessing boundary delineation, as well as understanding how Tanyard Spring 
basin is integrated into the regional hydrogeology. 
Tanyard Spring drains into an unnamed tributary of the South Fork of Dry Creek to the 
northwest. Dry Creek is the major hydrologic boundary on the northwest, and it has been 
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Table A 1. Inventory of surficial karst features near the recharge area of Tanyard Spring 
ldentificar.ion Radial dislanCe 10 
number on map Stratigraphie interval Tanyard Spring 
(fig. A9) Name of feature of karstification (lcilometcrs) Comments 
Tanyard Spring Batesville/Upper Boone 0 Chemical analysis (table 
A2) 
2 Anderson Spring Boone (undifferentiated) 3.4 Highly variable discharge 
3 Unnamed spring Lower Boone 3.1 
4 Patty Spring Batesville/Upper Boone 2.9 
5 Basin Spnng Batesville/Upper Boone 0.8 
6 BuU Spring Batesville/Upper Boone 0.5 
(mislabeled) 
7 Tanyard Spring Batesville/Upper Boone 0.5 
(mislabeled) 
8 Unnamed spring Batesville/Upper Boone 0.3 
9 Unnamed spring Batesville/Upper Boone 0.16 
10 Reves Springs Boone (undifferentiated) 2.3 Cherrucal analysis (table 
---- - A2); 
possible SL Joe conaibutioo 
II Shipley Cave Lower Boone/St Joe? 1.9 
12 Sinkhole Batesville/Upper Boone 2.7 
13 Sinkhole Batesville/Upper Boone 3.5 
14 Sinkhole Batesville/Upper Boone 3.4 
15 Sinkhole Batesville/Upper Boone 3.5 
16 Sinkhole Batesville/Upper Boone 2.7 
17 Sinkhole Batesville/Upper Boone 2.4 
18 Sinkhole Batesville/Upper Boone 2.6 
19 Sinkhole Batesville/Upper Boone 2.4 
20 Sinkhole Batesville/Upper Boone 2.4 
21 Sinkhole Batesville/Upper Boone 1.9 
22 Sinkhole Batesville/Upper Boone 1.6 
23 Sinkhole Batesville/Upper Boone 1.3 
24 Sinkhole Batesville/Upper Boone 1.3 
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Table A 1. Inventory of surficial karst features near the recharge area of Tan yard Spring--Continued 
ldentificauon Radial distance 10 
number on map S11atigraphic interval Tanyard Spring 
(fig. A9) Name of fearure of lcarsuficauon (lcilometers) Commenu 
25 Sinkhole Batesville/Upper Boone 1.0 
26 Sinkhole Batesville/Upper Boone 0.5 
27 Smk.hole Batesville/Upper Boone 0.5 
28 Sinkhole Batesville/Upper Boone 0.6 
29 Sinkhole Batesville/Upper Boone 2.7 
30 Sinkhole Batesville/Upper Boone 1.3 
31 Sinkhole Batesville/Upper Boone 1.8 
32 Sinkhole Batesville/Upper Boone 1.9 
33 Sinkhole Batesville/Upper Boone 1.6 
34 Stnkhole Batesville/Upper Boone 1.5 
35 Stnkhole Batesville/Upper Boone 1.5 
36 Sinkhole Batesville/Upper Boone 1.3 
37 Sinkhole Batesville/Upper Boone 1.8 
38 Sinkhole Batesville/Upper Boone-=- - 1.6 
39 Sinkhole Batesville/Upper Boone 1.9 
40 Sinkhole Batesville/Upper Boone 1.6 
41 Sinkbole Batesville/Upper Boone 1.6 
42 Sinkhole Batesville/Upper Boone 1.1 
43 Sinkhole Batesville/Upper Boone 1.0 
44 Sinkhole Batesville/Upper Boone 0.8 
45 Sinkhole Batesville/Upper Boone 0.8 
46 Smkho1e Batesville/Upper Boone 1.0 
47 CoaJesctog sink- Batesville/Upper Boone 0.6 
holes, protouvaJa 
48 Coalescing sink- BatesviUe/Upper Boone 1.1 
holes, protouvala 
49 Sinkhole Batesville/Upper Boone 1.6 
50 Sinkhole Batesville/Upper Boone 1.8 
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Table A 1. Inventory of surficial karst features near the recharge area of Tanyard Spring--Continued 
!denti fication Radial distance to 
number on map Stratigraphic interval Tanyard Spring 
(fig. A9) N arne of feature of karstification (kilomete~) Comments 
51 Sinkhole Batesville/Upper Boone 1.6 
52 Sinkhole Batesville/Upper Boone 1.5 
53 Sinkhole Batesville/Upper Boone 1.5 
54 Sinkhole Batesville/Upper Boone 1.5 
55 Sinkhole Batesville/Upper Boone 1.6 
56 Smkhole Batesvtlle/Upper Boone 1.8 
57 Sinkhole Batesville/Upper Boone 2.1 
58 Sinkhole Batesville/Upper Boone 1.0 
59 Sinkhole Batesville/Upper Boone 1.6 
60 Sinkhole Batesville/Upper Boone 1.8 
61 Sinkhole Batesville/Upper Boone 1.9 
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figure A9.-T~rd Spring basin, wftJr rek¥ant tJMa-cDIIection sites, 11pprox/IJJllte boundllrles, 
11nd ne11rby s:ufflloe-lcarst fe11t:ures. 
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defmed by dye-tracmg studies to have major losing and gaining reaches upstream from the 
confluence with the tributary carrying discharge from Tanyard Spring (A..Iey, 1988, Brahana and 
Walters, 1994) Long Creek is the major hydrologic drain in the southeastern pan of the area, 
and it marks base level for all surface and ground water in the study area, including Dry Creek 
Springs along the major hydrologic boundaries, such as Reves Spring (fig A9), have a major 
flow component of surface water that is pirated upstream in Dry Creek (A..Iey, 1988) 
The sinkhole plain (fig A9) is thought to dram the basin on the northeast side. The ground-
water dtvide separating dramage to Tanyard Spring and drainage from the sinkhole plain to 
Anderson, Patty, and possibly other springs is approximated at this time to lie south of highway 
62 Fluorescent dye tracing studies to further delineate basin boundaries are in progress 
Selected Water-Quality Attributes (Background) 
As with most karst springs in northwestern Arkansas, water quality in Tanyard Spring varies 
in response to precipitation events and to season, consistent with the interpretation that the flow 
system is less anisotropic and heterogeneous than the other springs evaluated in this study 
(Orndorff and others, 1997) Inasmuch as the water-quality component ofth1s study is limited to 
analyses prior to implementation of BMPs (pre-BMP-water quality), only selected analyses from 
Tanyard and proximate spnngs are presented (table A2). The interested reader is referred to that 
part of this study that deals specifically with water quality for an in-depth presentation and 
interpretation (Holly Orndorff, Kenneth Steele, Ralph Davis, Naomi Sinor, Rick Monk, and Eric 
Peterson, University of Arkansas, written commun , 1997) 
The water from Tanyard Spring is a calcium bicarbonate type with generally low 
mineralization Conductivity at the spring varies in response to storms, and at base flow 
typically is about 210 microsiemens per centimeter (J.lS/cm) The temperature at Tanyard 
Spring is 13.5° C, showing fluctuation of more than a degree throughout the year For the most 
part, residence time of the water in the aquifer shows thermal equilibration. 
With respect to contaminant indicator constituents, nitrate concentrations of Tanyard Spring 
typically are in the range of2 to 7 milligrams per liter (mg!L) These values are elevated above 
concentrations of from 0.2 to 0.6 mg!L, determined by Adamski (1987) to characterize 
"predevelopment", or control conditions in a pristine area of eastern Benton County. Chloride 
concentrations in Tanyard Spring are low, typically in the 4 to II mg!L range, Adamski (1987) 
reported chloride values in his control area as ranging from l to 6 mg!L. Tanyard Spring has 
variable fecal coliform concentrations (from less than I to greater than 1000 colony forming 
units per I 00 mL [ cfulmL ]), not uncommon for_ a basin in karst terrane in northwest Arkansas 
that has overlapping agricultural and human use Predevelopment values for fecal coliform are 
nor presented here, for it is felt that many pristine spring basins may have high fecal coliform 





Table A2. Selected water-quality attributes ofTanyard Spring 
[J.tS/cm. microsiemens per centimeter at 25 degrees Celsius; °C, degrees Celsius; mg/L, milligrams per liter. cols./100 mL. colonies per 100 mtlliliters; K, non-tdenl count;<. less 
lhnn] 
NiltO· Phos· 
Cal· Mngnc· Pow· Chlo· gen. phorus Coli· 
cium, siurn. Sodium. sium, A tka· Sulfate, ride, N02+N01 ortho, li1rrn 
Specille Temper· dis· di\- dis· dis· tinily. dis- dis· dis· diS· fecnl 
conduc- pH ature, solved solved solved solved field solved solved solved solved mf agar 
Site 1.311et (stand:u-d water (mg/L (mg/l. (mgll.. (mg/l. (mgll.. ns (mg/l. (mgll.. (rngll.. (mgll.. (coh.l 
number Site nnmc Ontc (~ern) units) (oC) ~~~ Cn) ns Mg) ns Nn) ns K) CnCOJ) us so.> ll~ Cl) liS N) tl, I') 100 mL) 
10 Reves Spnng 9·23-91 ~68 6.9 7 .0 67 3.7 42 II - 60 37 7.2 0.~4 K I.<XX> 
Tonyard Spring 12-18-95 - -- .. 31 .7 7.0 0.7 70 5.5 4.7 2.8 .05 <100 
12·111·95 .. -- .. 31 .7 7.0 .7 70 5.1! 5 .7 2.7 .(16 <100 
12·18-95 - -- .. 30 .6 6.7 .7 70 6.3 6.2 2.60 .05 <100 
12-20-95 - .. -- 32 .6 ".7 .7 76 5.8 4.11 2.5 .OS () 
12-20-95 - -· .. 29 .6 ~-2 .9 64 7.6 11.3 2.6 .05 10 
12-20-95 - .. .. 31 1.3 7.2 1.1 68 5.9 6.8 8.1 .OS 1,0.50 
12-20-95 - .. -- 32 1.6 7.6 1.0 54 5.3 6.8 6.6 .06 540 
Conceptua lization and Preliminary Basin Delineatio n 
Conceptually, Tanyard Spring is a semi-confmed to unconfined contact spring draining a 
gently undulating, escarpment-bound upland area (fig. A 1 0). Recharge is areal, with no 
contribution from surface streams, except under extreme conditions of intense ramfall. The near-
constant temperature of the spring, and the fairly narrow range of discharge throughout the 
period of record are consistent with relatively slow flow rates through the sandy soil, regolith, 
and the Batesville Sandstone. Recharge through this porous upper zone is fairly uniform and 
continuous, reflecting subdued seasonal and storm stresses. However, this basin shows 
predominant slow-flow, diffusive ground-water response, which is reflected in the fairly narrow 
range of discharge and water quality variations. Although fast-flow, conduit-type ground water 
flow characterizes some other nearby springs such as Reves and Anderson, it is not a dominant 
flow mechanism in Tanyard Spring basin. 
The basin that contributes flow to Tanyard Spring is in an upland area that lies north and east 
of the spring orifice (fig. A9) Where the escarpment is present, the basin is effectively defmed 
by a slightly westward dipping permeability contrast in the upper Boone Formation that is 
truncated by land surface (segment A, fig. A9 and table A3). Where the basin underlies the 
uplands, the boundary is less well defmed, and probably shifts laterally with varying ground-
water levels. It is approximated by segments B and C (fig. A9). Segment C is the more 
conservative estimate; segments A and C were used to estimate the normalized base flow of the 
spnng. ---:== -
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Figure A.J.O.-<:onceptu11l model of ground-Wllh!r Row •nd lrllnsport for T11nprd Spring. 
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Table A3. Basis for delineating the recharge area of Tanyard Spring 
Boundary code for 
segment on figure A9 Documentarion and evidence for delineation 
A The permeability boundary tS truncated 
by land surface 
B Boundary B is a ground-water divide 
beneath an upland plateau. ltts defined 
by mdirect means, including combina-
tion of normalized base flow, water 
quahty, and ongoing dye traces Also, 
the surface watershed was considered. 
C Boundary Cis a more conservative 
delineation of Boundary B. 
Com menu and references 
Htgh confidence that spnng IS 
not recharged across this boundary 
Exact placement of this boundary ts 
not confidently known, although the 
total area ofrecharge is mtemaUy 
consistent wtth available data and 
methodology (Schindel and others. 
1995) 
Boundary C prov1des a larger 
recharge area than B. and thereby 
1ncreases the likelihood of including 
the actual ground-water boundary 10 
the area delineated. 
Braly Spring, near Linco ln , Arkansas 
County: Washington 
U.S. Geological Survey 7.5-minute quadrangle: Lincoln 
Spring elevation: 434 m above sea level (estimated from topographic map) 
Latitude/Longitude: 355547 942426 
Location (Township): 15N32W32CDC 
Discharge (base flow): 0.006 m3/sec (Naomi Sinor, University of Arkansas, written comrnun. 
1996) 
Area of spring basin at base flow· 2.0 k.m2 
Normalized base flow: 0.003 m3/slkrn2 
Aliases: Lincoln Municipal Spring, Lincoln Town Spring 
Hydrogeologic Frameworl.. 
Braly Spring issues from an enlarged bedding plane and joint intersection in a west-facing 
bluff of the Pitkin Limestone. The ground-water basin that provides water to this spring 
encompasses a fairly narrow stratigraphic range (fig. A 11 ). It is bound below by the upper shale 
member of the Fayetteville Formation. The upper surface ofthe aquifer in the basin includes the 
regolith developed on the Canehill member of the Hale Formation and the regolith developed on 
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Figclre A11.-Hydrorstntigf71phic fnunt!work ~ Bnl/y Spring. 
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Structural Control 
The structural control ofBraly Spring is based on field observations, linear features observed 
from low-altitude (flying less than 300 m above land surface) aerial reconnaissance, 
interpretation of aerial photography, surface hydrogeologic reconnaissance, dye-tracing, and 
ground-water geochemistry. No known geophysica l logs are available for this basin. Structural 
control is present, and plays a secondary role to lithology in defining the spring basin. The 
aquifer is nearly flat lying, as shown by the almost level geological contact of the Pitkin 
Formation with the underlying shales of the Fayetteville Formation (Boyd Haley and Ernest 
Glick, written commun. 1970; Haley and others, 1976). Although it has not been documented 
in this basin, it is suspected that the Pitkin-Fayetteville contact dips slightly (probably from less 
than 1 degree to no more than 2 degrees) to the west. Linear features initially identified by low-
level aerial reconnaissance were measured in the basin, and have an orientation of N83~ and 
N40-5S0 W. Linear features measured from aerial photographs have orientations from N35-65~, 
and N30-55°W. 
Three faults have been mapped in the Lincoln 7.5-minute quadrangle (Boyd Haley and Ernest 
Glick, written commun. 1970), but none are in the Braly Spring basin (fig. A12). The fault 
closest to the basin cuts across sections 19, 20, and 2 1 at about N70°E. Orientations of the other 
faults are N55~ and N80°W (Boyd Haley and Ernest Glick, written commun. 1970). The faults 
are thought to have near vertical dip. -
Soils 
Soils in the area of Braly Spring basin are generalized into Linker-Apison-Hector and the 
Enders-Allegheny-Hector associations (Harper and others, 1969, inset sheets 48 and 56). The 
Fayetteville fine sandy loam, with variable slopes, and the Hector-Mountainburg gravelly fine 
sandy learns, with variable slopes, cover about 75 percent of the basin . These are typical of 
soils developed on sandstones (Canehill member of the Bloyd Formation), and are relatively 
well-drained, and have thickness reported to range from 125 to 420 centimeters (Harper and 
others, 1969). 
Karst Landforms 
Surface expressions of the dissolution of carbonate rocks occur within and near this basin, and 
include karren, enlarged joints, enlarged bedding planes, sinkholes, sinking streams, caves, 
springs, and parallel lineations in the soil that are probably due to internal transport into enlarged 
joints. ln comparison to karst features developed on the Boone Formation, the features near 
Braly Spring basin are more numerous and generally larger in size and more easily visible using 
aerial photography. The sinkholes, particularly those in the southcentral part of section 5, 
Township 14N, Range 32 W (fig. Al2 and table-A4), occur near the same surface elevation as 
Braly Spring. These features are formed by piping and collapse in the regolith that overlies the 
Pitkin Formation. Linear depressions, thought to be dissolution-enlarged joints, are well 
developed at locations 19, 20, 21 (fig. A12 and table A4). Likewise, all the other identified 
springs in and near the basin (fig. Al2 and table A4) are estimated from the topographic map to 
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occur within 6 m of the same elevation. All of these features are strongly controlled by the 
occurrence of Pitkin Limestone. Karst features are integrated into a well-connected ground-
water flow system that captures most of the surface water and diverts it underground 
Two specific features outside Braly Spring basin are identified, because water-quality 
differences establish a boundary between Braly and these features. Cole Spring, alias Cold 
Spring (site 16, fig. A12), and the nearby sinkhole and cave (site 17, fig. Al2) are part of a 
separate ground-water flow system from Braly Spring. 
Hydrogeologic Boundaries and Flow Domain 
Braly Spring basin is elevated above the regional base level, and the spring represents the 
upgradient point of surface-water occurrence in the watershed under all conditions except intense 
precipitation events. No permanent streams are present above 427 m elevation, although land 
surface in the area that contributes to Braly Spring exceeds 482 m. This indicates that 
precipitation that falls in the area generally infiltrates to recharge the ground-water reservoir 
rather than running off. No surface water is pirated into this spring basin, but ground water is 
thought to be derived from ponded water at two places in the basin. Also, ground water from 
outside the surface watershed may contribute to springflow, based on the area of contribution 
determined from the normalized base flow the spring. The normalized base flow for this basin 
was computed to be 0.003 rn3/slkm2• Ground-water conditions in the basin range from partially 
confined to confmed. ·.......::: -
Braly Spring basin represents a large (greater than 80 percent) areal component of the 
surrounding, hydrogeologically-similar terrane. This terrane topographically and 
stratigraphically encompasses an erosional remnant of the upper part of the escarpment 
separating the Boston Mountains Plateau and the Springfield Plateau. 
Braly Spring drains into Bush Creek to the southwest Jordan Creek is the hydrologic drain on 
the southeastern side of the basin, ultimately flowing into Bush Creek to form the Baron Fork. 
The upper reach of Moores Creek, which is shown to be interrnittant above 430 m elevation, 
drains the basin on the northeast side. The north and northeast boundary of the basin have not 
been obviously dissected, and ground-water may be diverted into Braly Spring basin across this 
boundary. 
Four separate fluorescent dye tracing studies were conducted to further delineate basin 
boundaries. Preliminary results using rhodamine wr suggest that flow occurs from northeast to 
southwest. This is based on the observat ion of dried red spots, thought to be fluorescent dye, in 
the transparent sampling tube of the automatic sampler installed at the spring (Naomi Sinor, 
University of Arkansas, written commun. 1996). Flow velocities detennined by dye tracing 
average less than 30 m per day, based on straight-line distance divided by time of input to time 
of output. Ground-water velocity of 30 m per day is not consistent with direct physical 
observation of the authors, who monitored flow rates of subsurface streams contributing to Braly 
Spring, that were greater than 1 foot per second. This discrepancy is probably due in part to the 
fact that "average" velocities are at best approximations, that significant variation in flow 
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Rgure A12.-Br.lly Spring basin, MHt:h rek!vant thtzt-<:01/edion sites, 11ppro1timllte ounthries, ncearby 
SLd.Joe-lc:arst fUtures, lind cklinelt:lon t:X the area /h8t CXHJtrlbutes flow to Bnlly Spring. 
velocity varies along the flow path, and that straight-line distances are seldom the paths that 
ground water follows in this basin. Direct observation by the authors also revealed that vertical 
permeability contrasts in the soil zone were responsible for perching water above the general 
water table, and that flow paths in this basin were, in fact, many times longer than originally 
expected. 
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Table A4. Inventory of surficial karst features near the recharge area of Braly Spring 
Identification Radial distance to 
number on map Stratigraphic interval Bra! y Spring 
(fig. A12) Name of feature of Jwstificauon (kilometers) CommentS 
Braly Spring Pitkin Formation 0 Chemical analysis: table A5 
2 Braly Seep #I Pitkin Formation 0.08 
3 Braly Seep #2 Pitkin Formation 0.16 
4 Cow spnng Pitkin Formation 0.32 
5 Sinkhole Pitkin Formation 1.5 
6 Stnk.hole Pitkin Formation 1.5 
7 Sinkhole Pitkin Formauon 1.6 
8 Sinkhole. sinking stream Pitkin Fonnanon 1.6 
9 Unnamed spring Pitkin Formauon 1.6 
10 Unnamed spnng Pitkin Formation 1.8 
II Unnamed spring Pitk:in Formation-.;::;. 2.4 
12 Unnamed spnng Pitk:in Formation 2.6 
13 Unnamed spnng Pitkin Formation 2.4 
14 Unnamed spring Pitk:in Formauon 2.4 
15 Unnamed spring Pitk:in Formation 1.8 
16 Cave Spnng Pitk:in Formation 1.9 
17 Sinkhole and cave Pitkin Formation 1.9 
18 Unnamed spring Pitkin Formation ' 1.6 
19 Elongated nlls Pitkin Formation 0.32 
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Selected Water-Quality Attributes (Background) 
Water quality in Braly Spring varies in response to precipitation events and to season. Table 
AS gives selected analyses that allow establishment of pre-BMP background water quality The 
water from Braly Spring is a calcium bicarbonate type with intermediate mineralization. The 
temperature of the spring is 15 2° C, and shows fluctuation of less than 0.1 degree Celsius 
throughout the year. Obviously, residence time of the water in the aquifer allows for nearly 
complete thermal equilibration. Conductivity at the spring varies in response to storms, and at 
base flow typically is about 330 rnicrosiemcns per centimeter (JlS/cm). Several springs that 
issue from the same stratigraphic interval as Braly Spring are Braly seep 1, Braly seep 2, and 
Cow Spring. These features, identified as sites 2, 3, and 4 respectively (fig. Al2 and table A4), 
lie within 0 4 km of Braly Spring. Each has a distinctive specific conductance signature greater 
than Braly Spring (table AS). It is felt that dissolution processes that affect this aquifer are 
consistent from spring basin to spring basin, and specific conductance reflects residence time. 
Likewise, different temperature for these springs is thought to be indicative of depth of burial in 
this aquifer. Although speculative at this time, these observations and opinions lend confidence 
to understanding the entire, integrated system. The presence and size of these nearby springs 
also constrains the boundary area of Braly Spring. 
With respect to contaminant indicator constituents, nitrate concentrations of Braly Spring 
typically are greater than I 0 mg!L, more than an order of magrutude above predevelopment 
concentrations nearby (Adamski, 1987). Chloride- ctmcentrations in Braly Spring are moderate 
for the area, typically in the 7 to 12 mg!L range, about twice the value Adamski ( 1987) reported 
in his control area. Braly Spring has highly variable fecal coliform concentrations, with a range 
of more than three orders of magnitude documented from low flow to storm conditions (Ralph 
Davis and Naomi Sinor, University of Arkansas, written commun. , 1996). The high value of 
31,000 cfu/1 00 mL after a storm represents a potential health hazard. 
Conceptua lization a nd Pre liminary Basin Delineation 
Conceptually, Braly Spring is a contact spring d.raining a gently undulating, escarpment-
bound upland area (fig. Al3). Recharge is areal, with no contribut ion from surface streams, 
except under extreme conditions of intense rainfall. Leakage from ponds within the recharge 
area may contribute recharge to the basin. The near-constant temperature of the spring, and the 
fairly narrow range of discharge throughout the per iod of record, are consistent with relatively 
slow vertical flow rates through the porous soil and rego lith. 
The 15.2° C temperature of Braly Spring reflects a thermal equilibrat ion between the ground 
water and the aquifer; the 14.2° C temperature of Cove Spring, which lies about 300m east of 
the study basin, reflects a similar equilibration, albeit with an environment that is slightly cooler. 
Inasmuch as neither spring appears to have a d9_minant flow contribution from pirated surface 
water, both have fairly stable temperatures, and Cove Spring is consistently colder than Braly 
Spring, it is hypothesized that t he temperature difference is a function of different burial depths 
of the aquifer in each basin, with Braly Spring drawing recharge from a shallower source. 
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Figcle A13.-cont:Jt!ptual model or ground-water flow 6nd tnlnspcxt for Br.Jiy Spring. 
The high concentration of nitrates from this basin, greater than I 0 mg!L for samples collected 
for this study, reflects agricultural and human land use. Although· the exact source of the high 
nitrate can be speculated (leaky septic systems, leaky lakes, ponds, or waste lagoons, or 
geochemical conditions that do not facilitate nitrate reduction), current data are not sufficient to 
unequivocally identify the source(es). 
The highly variable concentrations of fecal colifonn, from several hundred cfu/1 00 mL at low 
flow, to greater than 31 ,000 dUll 00 mL after a storm (Ralph Davis, University of Arkansas, 
written commun. 1996), suggest that point sources of recharge with high concentrations of fecal 
coliform are being recharged to the aquifer, with little or no filtration that would be expected 
from porous media recharge through a soil. 
The timing of the coliform pulse in response to storms also has significant implicat ions for 
transport in this spring basin. The coliform pulse does not coincide with recharge water, thereby 
suggesting that the coliform arc dormant as part of the sediment in the flow system, and that as 
they are exposed to much greater ground-water velocities (pressure wave from precipitation 
loading), they become resuspended in the springflow. 
The basin that contributes flow to Braly Spring is in an upland area that lies northeast of the 
escarpment that separates the Springfield Plateau from the Boston Mountains Plateau. Where the 
escarpment is present, boundary segment A (fig. Al2), the basin is effectively defmed by the 
contact of the Pitkin Limestone with the low permeability shales of the upper Fayetteville 





Thble AS. Selected water"<}unlity attributes of Brnly Spring 
[J,LS/cm. microsiemens per centimeter at 25 degrees Celsius; °C, degrees Celstus; mg/L, milligrams per liter, cols./1 00 mL. colonies per I 00 milliliters] 
Nitro· 
Cal· Mnsne- Pow- Chlo· gen. 
ciom. sium. Sodtum. sium, Alka- Sulfate. ride, N~+N03 
Specific Temper· dis· dis· dis· dis· tinily, dis- dis- dis· 
conduc· pll nlure, solved solved solved solved licld solved solved solved 
Site tance (standard W11lcr (mg/L (m&IL (mg/L (mg/L (mg/L as (mg/L (mg/L (m&IL 
number Site name O:uc (J..ISicm) units) (OC) liS Ca) asMg) as Na) asK) CnC03) as 504 ) as Cl) as N) 
Braly Spring 6-06-95 -- -- .. 56 2.1 2.6 0.47 94 4.0 9.5 12 7 
12-17-95 311 7.59 .. 57 2.0 2.5 .90 94 4.6 93 11.0 
12-17-95 311 7.84 .. 58 2.0 2.4 .39 98 5.1 10.3 11.0 
12-18-95 312 7.92 .. 58 2.0 2.4 .39 98 4.1 8.3 11.0 
12-18-95 311 7.94 - 53 2.1 2.5 .39 100 3.6 7.6 11.0 
12·18-95 316 7.92 - 55 2.1 2.~ .40 100 3.6 7.8 10.7 
12-18-95 321 7.94 .. 57 2.2 2.6( .54 100 4.3 7.8 10.7 
12-19-95 317 8.01 .. 51 2.2 2.6 .48 100 4.2 7.5 10.2 
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cast ofthe topographic saddle along a line connecting the bead of Moores Creek with the head of 
Jordan Creek (boundary segment B, fig. Al2). The northern boundary, segment C, is defined b) 
hydrology and geomorphology. The southwestern lobe of the basin (segment D) probably does 
not contribute flow to Braly Spring, but to downgrad ient/downdip springs (fig. A 12, sites 9 and 
I 0). The extreme eastern part of the basin (segment E), was included because it lies in the 
surface watershed of the a more intensely karstified part of the basin. Under low-flow 
conditions, it is likely that this area provides ground water to Braly Spring. Rationale, 
documentation, and justification for specific segments of the delineated basin are given in table 
A6. 
Table A6. Basis for delineating the recharge area of Braly Spring 
Boundary code for 







Documentation and evidence for dclineauon 
The permeabihty boundary is truncated 
by land surface 
Boundary B is a ground-water divide 
beneath an undissected plateau. It is 
defined by indirect means, including 
combtnauon of normalized base Bow, 
interprctanon of aerial photographs, 
water quality, and ongoing dye traces 
Also. the surface wate~hed was con· 
sidercd. 
The permeab1lny boundary is truncated 
by land surface 
Boundary 0 defines the south lobe, 
which is unlikely contributor to Bral) 
Spnng based on the occurrence and d1s· 
tribution of springs around the fearure 
(fig A12 and table A4). Boundary 0 1s 
a permeability boundary. 
Boundary EISa conservative delinea-
tion of an area that falls into a different 
surface wate~hed than boundaries, A, 
B,C. and D. 
CommcnL~ and rt:fercnces 
Htgh confidence that spring ts 
not recharged across this boundary --
Exact placement of this boundary IS 
not confidently known, although the 
total area of recharge is mtemally 
consistent with available data and 
methodology (Shindle and othe~. 
1995) 
High confidence that spring is 
not recharged across thls boundary 
High confidence in location of 
Boundary 0 based on mappable sur-
face geology. Moderate confidence 11 
does not supply water to Braly 
Spring because of presence and dis-
tribution of other springs 
Exact placement of this boundary IS 
not confidently known. Ongomg dye 
tracing is evaluating the extent of 
this boundary. Basis is normalized 
base flow. as well as aerial photo-
~ graphs and unverified tracing. 
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Little Wildcat Spring, near Tontitown, Arkansas 
County: Washington 
U.S. Geological Survey 7.5-rninute quadrangle: Springdale 
Spring elevation: 363 m above sea level (estimated from topographic map) 
Latitude/Longitude: 360917 941328 
Location (Township): 17N30W07DCC 
Discharge (base flow): 0.065 m3/sec (Jayyson Funkhouser, U.S. Geological Survey, written 
commun. 1996) 
Area of spring basin at base flow: 23.6 km2 
Normalized base flow: 0.003 m3/slkrn2 
Aliases: Killer Goose Spring, Zoo Spring, Heaven's Well Spring, Spring Valley Spring 
Hydrogeologic Framework ·...-.::::.· -
Little Wildcat Spring rises in a pond thai has been created by damming the spring outflow 
channel in the valley ofLittle Wildcat Creek. The flow system ofthis spring is confmed, and the 
water rises under pressure from the undifferentiated Boone Formation through regolith and 
alluvial material (fig. A14). The lower boundary of flow in this spring basin may be shales of 
the Chattanooga Formation, or cherts in the undifferentiated Boone. Existing data are not 
conclusive, and ongoing research will hopefully resolve this question. The upper boundary of 
the aquifer in this basin is cherty clay regolith that effectively mantles the entire basin, and point 
input landforms, sinkholes, are not easily identifiable in the basin. 
Structural Control 
Little Wildcat Spring lies on a major northeast trending lineation, approximately N35~ (fig. 
A15). This feature has not been mapped as a fault (E.E. Glick, U.S. Geological Survey, written 
commun., 1972; Haley and others, 1976), but it has similar characteristics of other lineations that 
are documented faults. These characteristics include linearity at a scale of several kilometers, 
locus of springs and sinking streams, steep-walled linear valleys, occurrence of second and third 
magnitude springs (-().5 to 1 m3/s), and "dry valleys" that are incised many tens of meters into 
the upland surface with no apparent channel or other evidence of surface erosion. 
About a mile south of Little Wildcat Spring basin (fig. AIS), another of these features has 
been documented recently as a fault (Stanton and Brahana, 1996), in an area where no faulting 
had been mapped previously (E.E. Glick, U.S. Geological Survey, written comrnun., 1972). 
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Figure A14.-Hydrostratigraphic frameWOt'k of Little Wildc:.at Spring. 
the southern fault block is displaced more than 30 m below the northern block. The 
displacement is based on gamma logs from 8 wells that lie along a 1.5-km line of section normal 
to the fault; the stratigraphic contacts correlated are the top and bottom of the Chattanooga 
Formation. 
Other linear features, probably fractures, have been identified on the basis of linear features 
observed from low-altitude (<300 rn above land surface) aerial reconnaissance, interpretation of 
aerial photographs, surface hydrogeologic reconnaissance, dye-tracing, and ground-water 
geochemistry. It appears that the hydrogeo logy of this basin exhibits structural control by 
concentrating flow along the intersection of major fractures and bedding planes. The aquifer is 
nearly flat lying, as shown by the almost level geologica l contact of the Chattanooga Formation 
based on geophysical logs and drillers records. Linear features in the basin have preferred 
orientations ofN50°-60°W and N30°E. One fault has been mapped in the Springdale 7.5-rrunute 
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quadrangle (E.E.Giick, U.S Geological Survey, written cornmun. 1970), but it is more than 8 km 
from Little Wildcat Spring (fig. A15). 
Soils 
Soils in the area of Little Wildcat Spring basin are generalized into the Captina-Nixa-
Pickwick association (Harper and others, 1969, inset sheets 2, 3, 9, and I 0). Captina and Nixa 
series soils are the dominant types, covering about two-thirds of the basin. Captina silt loam, 
with variable slopes, consists of moderately well-drained, low permeability soils that developed 
in silty material. Capt ina series soils do not have the high chert content typical of Nixa soils, 
although they can develop on cherty limestone. Not uncommonly, soils of this series develop a 
fragipan at a depth of about 51 em (Harper and others, 1969). Nixa cherty silt loam consists of 
cherty, moderately well-drained, very low permeable soils that developed in residuum derived 
from cherty limestone, the Boone Formation. 
Karst Landforms 
Few surface expressions showing dissolution of carbonate rocks occur within and near this 
basin, because the thick regolith that develops from the Boone Formation masks karst features at 
the regolith-bedrock interface. Those identified, of which only two are point input forms, 
include a sinkhole, and a sinking stream; output forms are springs (fig. Al5 and table A7). In 
comparison to surface karst features developed ~he other basins in this study, Little Wildcat 
basin has the least. Nonetheless, hydrogeologically this is a well-developed karst bas~ as high-
yie ld wells, geophysical logs, aquifer tests, and spring response attest. 
Hydrogeologic Boundaries and F low Domain 
Little Wildcat Spring lies in a linear valley that is the major hydrologic drain for a poorly 
dissected upland surface that exceeds 26 km2• The spring lies near the upstream end of 
perennial flow (during dry conditions) in the valley, and is the largest of five springs that resurge 
along a reach that is about 0.8 kilometers long. Numerous ponds have been built throughout the 
basin; elevations of these typically are between 396 and 427 m above sea level in most of the 
upland. 
In the northern part of the basin, Brush Creek runs approximately perpendicular to the trend 
of Little Wildcat Creek, and near the intersection of the Little Wildcat lineation (fig. Al5), loses 
all of its flow (less than 0.03 m3/s at low flow) into the chert gravel. Flow was not observed to 
resurface at any point along the reach between the Little Wildcat lineation and Lake Elmdale, 
and may identify an area of stream piracy that ultimately is diverted to Little Wildcat Spring. 
Brush Creek at the point of streamflow loss is more than 15 m higher than the elevation of Little 
Wildcat Spring orifice. Distance along the linear from the losing reach of Brush Creek to Little 
Wildcat Spring is about 4 km. -
Little Wildcat Spring becomes Little Wildcat Creek, which flows into Clear Creek, which is 
the controlling base level for the spring basin. Clear Creek lies at about 335 m elevation near the 
confluence with Little Wildcat, at a distance of more than 4 km. Clear Creek flows in a 
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Figure A15.-littie Wildatt Spring, wtth n!/n?lnt ~l«<:ion sites, approx/tnlltr boundllries, stnK:IJia/ 11nd 
Sl.l1"facte--arst f~ lind tklineltion af the 11re11 thltt c:ontrfbutes flow to UttJe Wildcat Spring. 
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Table A7. Inventory of surficial karst features near the recharge area of Uttle Wildcat Spring 
Radial dutancc to 
Identification Lmle Wildcat 
number on map Sll'llligraphic interval Spring 
(fig. A15) Name of feature of karsti ficauon (kilometers) Comments 
Little Wildcat Spnng Boone undifferentiated 0 Positive dye trace (5) from 2 
to I (fig Al5) 
2 Well for dye rnjecnon Boone undifferentiated 1.6 David Anhur's property; 
water level about 0.373 
meter rise for 1.5 m3 iojec-
tion 
3 Sinkhole Boone undlfferentiated 1.3 
4 Greathouse Spnng Boone undifferentiated 2.9 
5 Parnell Spring Boone undifferentiated 0.02 Posittve dye trace 5, from 2 
to 5 (fig. A 15) 
6 Dott Chalybeate Spnng Upper Boone 4.3 Postuve dye traces I and 2 
from abandoned landfill to 6 
(fig. A 15) 
-7 DonSpnng Upper Boone 4.3 
8 Highfill Spnng Boone undifferentiated 1.5 
9 Unnamed spring Boone undifferentiated 0.5 
10 Unnamed spring Boone undifferentiated 3.2 
11 Losing reach of Brush Upper Boone 4.1 Dye tnJection potnt for trace 
Creek 6. ln progress 
12 Johnson Spnng Boone undifferentiated 4.8 Posttive trace 3. from tanker 
(Trout Fann spring) spill on Highway 71-Busi· 
ness at bend to 12 (fig. A 15) 
13 Urrnamed springs Boone undifferentiated 0.16 PosttJve dye trace 5. from 2 
to 13 (fig. Al5) 
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valley that has been downfaulted more than 30 m below the uplands on either side (Stanton and 
Brabana, 1996). 
Seven fluorescent dye tracing studies to delineate basin boundaries have been conducted. 
Two pounds of rhodamine WT have been injected at the losing reach of Brush Creek (site 11, 
fig. A 15) to establish if water from this stream is pirated into Little Wildcat basin, and one pound 
of fluorescein has been injected into a well (site 2, fig. Al5) to establish the southern boundary 
ofthe basin. The dye injected into the well was accompanied by 1.5 m3 of water in a ten-minute 
period, resulting in a water level increase of about a half foot. This indicates that the well taps a 
highly permeable zone of secondary permeability, and coupled with numerous aquifer tests along 
the line of cross section, suggests a two to three order of magnitude difference in hydraulic 
conductivity (Stanton and Brahana, 1996). Three previous dye traces south and east of the basin 
suggest the fault acts like a ground-water dam. Flow moves towards the major springs 
(Greathouse, Dott Chalybeate, Johnson), across surface-water boundaries (Stanton, 1993). 
Selected Wa ter-Qua lity Attributes 
Water quality in Little Wildcat Spring varies in response to precipitation events and to season. 
Table A8 shows selected analyses that allow establishment of pre-BMP background water 
quality. 
The water from Little Wildcat Spring is a caiCi~ bicarbonate type, typical for water from the 
Boone Fonnation. Temperature typically is about 15.5° C, and conductance is about 325 J,LS/cm 
at low flow. During storm events, values as much as one fourth less (237 J,LS/cm) have been 
observed (Naomi Sinor and Ralph Davis, University of Arkansas, written commun., 1996). It 
appears that flow paths are relatively long, and that residence time allows for thermal 
equilibration, even if pirated surface water is part ofthe system. and that the system is reasonably 
well mixed. 
With respect to contaminant indicator constituents, nitrate concentrations of Little Wildcat 
Spring typically are in the range of 4 to 6 mg!L. These values are slightly elevated above typical 
Boone springs (Adamski, 1987), but are about half the value of Braly springs. Considering the 
intensive agricultural and human use of the recharge area, it appears that geochemical breakdown 
of the nitrate is occuring along the flow path. At present, fecal coliform has not shown the huge 
fluctuations observed in springs like Bralys, but based on land use and other associated water 
quality constituents, it is Likely that similar variations occur here as well. Documented 
differences in fecal coliform counts range from 100 cfu/1 00 mL to 7,100 cfu/mL (Naomi Sinor 
and Ralph Davis, University of Arkansas, written comrnun., 1996). The presence of organic 
chemicals in this spring reportedly forced the bottling operation to be suspended for a brief 
period in the early 1990's (Lisa Meeks, University of Iowa, written commun., 1993). No recent 
problems of a similar nature have been observect in the last few years (David Arthur, Spring 





Table AS. Selected water-quality attributes of Little Wildcat Spring 
[jlS/cm. mkrosiemens per centimeter at 25 degrees Celsius; °C, degrees Celsius; mg/L. milhgrams per liter; cots./ I 00 mL, colonies per I 00 mtlliliters] 
Nitro-
Cal· Mngnc· Potns· Chlo- gen. 
cium, sium. Sodium, sium. Alkn· Sulfate. ride. N02+N03 
Specific Temper- dis- dis- thS· dts- linity. dis- dis- dis· 
conduc· pH nturc, solved solved solved solved field solved solved solved 
Site tMce (slllndard water (mg/L (mg/L (mg/L (mg/L (mg/1.. as (mg/L (mg/L (mg!L 
number Site name Dnte Cj.IS/cm) units) (OC) as Ca) ns Mg) ns Na) ~ K) CaC03) as so.> n.~ Cl) ns N) 
Little Wildc:u 6-15-95 - - - 33 1.8 5.1 2.7 72 4.6 7.5 4.2 
Spring 
12-17-95 263 7.47 - 43 1.4 8.2 2.1 90 3.0 I 1.0 4.8 
12-17·95 287 7.51 - 45 1.6 9.6 1.5 tOO 2.9 12.4 5.3 
12-18-95 250 7.48 - 40 1.6 8.1 1.7 76 3.0 8.9 4.8 
12-18·95 247 7.48 - 39 t..S \ 7.!1 1.8 K4 3.7 11)1 4.7 
12-18-95 261 7.34 - 41 1.4 h - ~.2 1.7 86 3.5 10.9 4.8 
12-18·95 272 7.03 - 43 1.5 8.7 1.7 92 3.4 11.5 5.1 
12-19·95 243 6.96 - 37 1.4 7 I 2.2 78 6.0 97 49 





solved mf ngar 
(mg/L (eolsJ 










Conceptua liza t ion a nd P reli minary Basin Delinea tion 
Conceptually, Little Wildcat Spring is a semi-confined to confmed sprmg draining a large (23-
26 km2) gently undulating, upland area (fig. Al6). Recharge is areal throughout the basin, with 
probable major contribution from surface streams such as Brush Creek. Based on the relatively 
rugh base flow, (>0.06 m3/s), interbasin ground-water diversion across surface watershed 
boundaries probably occurs, for the surface watershed appears to be too small to support a 
sustained base flow (fig. Al5). The narrow range of temperature and conductivity are 
consistent with relatively long flow paths and good mixing from a large basin with numerous 
input points. Similarities between Lrttle Wildcat Spring and Parnell Spring suggest that these are 
part of the same flow system, with Parnell Spring providing an overflow outlet. Parnell has been 
superficially monitored for field parameters and discharge, and it consistently has less flow, and 
consistently nearly identical water quality. 
The basin that contributes flow to Little Wildcat Spring is thought to be in an upland area that 
lies north of the spring orifice (fig. A 15). Where the lineation cuts across stream courses, the 
basin is thought to capture water from those sources. Flow paths are defined by a slightly 
southward dipping permeability contrast in cherts ofthe Boone Fonnation, and possibly, the St. 
Joe Fonnation. None of the boundaries shown are known with great certainty, for the spring lies 
below the surface level of the entire basin, and boundaries probably shift laterally with varying 
ground-water levels. Under stormflow conditions, all of the surface drainage area of the spring 
likely contributes to the flow. A portion of the southern and southeastern boundaries of the basin 
have been delineated by dye tracing, (segments A and B, fig. Al5), but the northwestern 
boundary in the vicinity of Tontitown (segment C), and the northern and northeastern 
boundaries, including Brush Creek (segment D), have yet to be confirmed. Also, it is possible 
that if the Little Wildcat lineament is a fault, that the area west of the lineament may be part of 
the Highfill Spring basin. A conservative delineation would need to include the largest area 
shown in figure Al5. Justification and documentation of different boundary segments is given in 
table A9. 
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Figure A16.~1 model IX ground-ttmter flow 11nd transport for Little Wildalt Spring. 
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Table A9. Basis for delineaung the recharge area of Litlle Wildcat Spring 
Boundary code 
for segment Documentation and evidence for delineation 
on figure A 15 
A Boundary A extends across surface watersheds and 
is not confidently placed at thjs time. If Boundary E 
is not valid, A would be a more likely source to 
mruntaill high normaliz.ed base flow. Boundary A, D, 
C fonns l possible basin delineauon. 
B Boundary B is considered more likely western 
boundary, in conjunction with E and C. 
C Southeastern Boundary Cis defined by dye traces 
1, 2, and 5, as well as structural and geomorphjc 
D Boundary D based on linear and other similar 
resources as Boundary A. 
E Lostng stream reach is 15 meters above Linle Wildcat 
Spring along the same linear. Need large area to mruntain 
level springOow --
Comments and references 
Dye tracing planned, but not 
yet initiated-low confidence 
Confidence not high awruting 
dye trace results 
High confidence based on strong 
empirical and theoretical evidence 
Low confidence 
Confidence not high awruting 
resuhs of dye trace 
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Decatur Spring, near Decatur. Arkansas 
County: Benton 
U S. Geological Survey 7 5-minute quadrangle: Gentry 
Spring elevation 334m above sea level (estimated !Tom topographic map) 
Latuude/Longitude. 3621 19 942619 
Location (Township). 19N33W01BDB 
Discharge (base flow) (0 06 m3/sec] R. Monk, Univ of Arkansas, written commun 1996, 
(0 .004 m3/sec) Jayyson Funkhouser, U.S. Geological Survey, written commun., 1996 
Area of spring basin at base flow [21.9 km2) includes water capture from Wolf Creek, 
( 1.9 knl) extreme low flow, no flow in WolfCreek 
Altases: Decatur Municipal Spring, Decatur Town Spring 
Hydrogeologic Framework 
Decatur Spring rises from an alluviated, steep-sided bluff in the undifferentiated Boone 
Formation The ground-water basin that provides water to this spring encompasses a fairly wide 
stratigraphic range (fig A 7), because major faulting has juxtaposed highly soluble formations 
(Haley and others, 1976) In the eastern part of the basin, the active ground-water flow system 1s 
underlain by shales of the Chattanooga Formation In the western pan of the basm, the ground 
water flows in the pure phase of the upper Boone Formation, immediately below the Batesville 
Sandstone (E.E. Glick, U.S. Geological Survey, written commun., 1972) The upper surface of 
the aquifer in the basin includes the regolith developed on the Batesville and Boone Formations. 
Structural Control 
Decatur Spring lies about 300 m northwest of a major northeast trending fault, the Decatur 
fault (Haley and others, 1976, Fanning, 1995) This fault is the locus of springs and losing 
stream reaches elsewhere in Benton County (Freiwald, 1987). and it is thought to bound a zone 
of stream piracy from Wolf Creek near the location where the creek crosses the fault (fig. A 18) 
Displacement across the fault appears to be more than 30 m, with Chattanooga on the southeast 
block at the same e levation as undifferentiated Boone on the northwest block. 
Wolf Creek and Decatur Spring lie on a northwest trending lineation which may in fact be 
another fault At present there is no definitive evidence that clearly proves this feature is a fault, 
but the strong geomorphic and hydrologic observations are consistent with faults elsewhere in 
northwestern Arkansas (Martin and Brahana, 1995, Doherty and Brahana, 1996). These 
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Figure A.17.-Hydrostratigr;lphic framework iK D«:atur Spring. 
aerial reconnaissance, interpretation of aerial photographs, surface hydrogeologic 
reconnaissance, dye-tracing, and ground-water geochemistry. 
As with most spring basins throughout northwest Arkansas, it appears that ground-water flow 
in Decatur Spring basin is concentrated along tne intersection of major fractures and bedding 
planes. In this basin, several outcrops provide direct observation of the structural orientation, 
and the hydrogeologic character of the rocks. The aquifer is nearly flat-lying, as shown by the 
almost level geo logical contact of the St. Joe Formation with the underlying Chattanooga on the 
east side of Decatur fault , and the chert layers in the upper Boone Formation on the west side of 
A SO 
Rgtxr! A18.--lJf!altur Spring, with releVi!lnt ct«.~ledion sites, •pproxlmllte boundilrles, sauct:ural and surfaa 
karst fe8tures, 11nd ck!line8tion of the 11rea th8t rontributes flow to Or!czttvr Spring 
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the fault. Linear features in the basin have dominant orientations ofN65~ and N30°W; outside 
the basin, yet still on the Gentry 7.5-minute topographic quadrangle, the same orientations apply. 
Only one fault has been mapped in the Gentry 7.5-minute quadrangle (E.E. Glick, U.S. 
Geological Survey, written commun. 1972), the previously mentioned Decatur fault (fig. A 18). 
Another fault in the Flint Creek basin, about 8 km southeast ofthe Decatur fault (J.W. Martin, 
University of Arkansas, written commun., 1996) has been documented by drillers logs and 
geophysical logs. Major stream piracy in the Flint Creek basin contributes to spring temperature 
variations seasonally of as much as 9° Cat Big Spring at Springtown. 
Soils 
Soils on the west side of the Decatur fault in the area of Decatur Spring basin are generalized 
into the Tonti-Nixa-Captina association, and on the east side of the fault into the Clarksville-
Nixa-Noark association (Phillips and Harper, 1977, inset sheets 29, 30, and 39). The Pearidge 
silt loam makes up more than 50 percent of the soil on the west side of the fault. This series 
consists of well-drained, nearly level to gently sloping soils in broad areas on uplands and on 
stream terraces. These soils formed in material weathered from limestone or siltstone, or in 
material washed from uplands. Based on the geologic map, these soils closely conform to the 
area of outcrop of the Batesville Sandstone (Haley and others, 1976). 
Clarksville and Nixa series soils are the dominant types elsewhere, covering about three 
fourths of the basin east of the fault. Clarksville cherty silt loam, with variable steep slopes, 
consists of excessively-drained, low permeability soils that developed in very cherty limestones. 
Nixa cherty silt loam consists of cherty, moderately well-drained, very low permeable solls that 
developed in residuum derived from limestone and cherty limestone. Obviously, these soils are 
characteristic of soils that have formed on the Boone Fonnation and the St. Joe Fonnation, and 
the scale of soil mapping holds promise in refining maps of geology for this basin, because the 
geology was mapped rapidly, and at a coarser scale. 
Karst Landforms 
Surface expressions of the dissolution of carbonate rocks occur within and near the Decatur 
Spring basin, and include very well developed karren, enlarged joints, enlarged bedding planes, 
sinkholes, sinking streams, caves, and springs (fig. Al8 and table AlO). The area east ofthe fault 
near Crystal Lake contains some of the best exposures of surface-karst features in northwestern 
Arkansas. In an area defined by the Peterson Airfield, Wolf Creek, and Crystal Lake, the 
overflow channel from the Jake has washed the thin soils from the St. Joe Fonnation, exposing 
features that are seldom visible elsewhere. Where the St. Joe is covered by thin regolith, several 
sinkholes occur that deftne the entire range of doline size and morphology. Across the fault on 
the west side, sinkholes characteristic of the Batesville/upper Boone are present. 
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Table A 1 o. Inventory of surficial karst features near the recharge area of Decatur Spnng 
[>.greater tban) 
Identification 






































Thin regolith overlying 
SLJoe 
SL Joe 
?probably pure fac1es 
of Upper Boon~ .-=. -
?probably pure facies 
of Upper Boone 











Boone (undifferenuated) 2.6 
Boone (undifferentiated) 1.1 
Boone (undifferentiated) 0.16 
Boone (undifferentiated) 3.2 
Boone (undifferentiated) 3.2 
Upper Boone 0.48 
Comments 
Water quallry data available 
Exhib1ts strong. onbogonal ;oint 
control 
Sinkholes are hydrologtcally 
connected to Airfield Cave. One 
formed rap1dly by piping 
Exposed where floodwaters 
from spillway have washed 
regolith from bedrock 
Stream loses all How during 
base flow conditions where the 
stream crosses Decatur fauJL 
Dye injection site- trace I 
Positive from 7 to I (fig. A 18) 
Small sinkhole in regohth down-
stream from resurgence of 
Decatur spring 
Probably Upper Boone 
Very small cave. Cave stream 
runs perpendicular to Wolf 
Creek, and lies about 3 meters 
below stream level. Entrance 
is through concrete bunker. No 
surface-/ground-water mterac-
tion is apparent. Dye in;ection-
trace 2. Positive from 14 to I 
(fig. A IS). 
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Hydrogeologic Boundaries and Flow Domain 
Decatur Spring hes on a northwest trending lineation, near its intersectron with a major 
nonheast trending fault. The spring is bounded by a right angle bluff; it is part of the basin that 
serves as the major hydrologic drain in the area. The spring, and the nearby valley of Wolf 
Creek, into which the spring flows, are about 30 m lower in elevation than Decatur Branch, 
which lies about 1.6 km to the southwest. 
To the east, Wolf Creek runs approximately perpendicular to the trend of Decatur fault, and 
near the intersection of this lineation (fig. Al8), loses all of its flow (about 0.03 m3/s at low flow) 
into the chert gravel of the stream bed. Flow was not observed to resurface at any point along 
the reach between the point streamflow loss and the spring, and probably identifies a zone of 
stream piracy that is diverted to Decatur Spring under conditions other than extreme low flow. 
Wolf Creek at the point of streamflow loss is no more than 3 m higher than the elevation of the 
Decatur Spring orifice. Distance along the linear is less than 0.8 km from the point of 
streamflow loss to Decatur Spring. 
Decatur Spring flows into Wolf Creek, which rs the controlling base level for the spring basin. 
The confluence of these features occurs at about 332 m elevation, at a distance of about 0.16 km 
from the spring. 
Two fluorescent dye tracing studies to delineate-basin boundaries were conducted. Two 
pounds ofrhodamine WT were injected at Decatur Branch (fig. A18) to establish if water from 
this stream is pirated into Decatur basin, and 0.23 kg of fluorescein were injected into Wolf 
Creek (site 7, fig. Al8) to establish a connection with the watershed on the eastern side of the 
fault. 
Selected Water-Quality Attributes 
Water quality in Decatur Spring varies in response to precipitation events and to season. 
Table All shows selected analyses that allow establishment of pre-BMP background water 
quality. 
The water from Decatur Spring is a calcium bicarbonate type, typical for water from the 
Boone Formation. Temperature typically varies from about 14.5° to about 19.5° C, and 
conductance varies from about 240 to 275 flS/cm at low flow. During storm events, values as 
much as one third less have been observed (Rick Monk and Ralph Davis, University of 
Arkartsas, written commun , 1996). It appears that flow paths are relatively short, and that brief 
residence time does not allow for thermal equilibration of water that infiltrates from WolfCreek. 
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Table All. Selected water-quality attributes of Decatur Spring 
[j.LS/cm, microsiemens per centimeter at 25 degrees Celsius: °C, degrees Celsius; mg/L. milligrams per liter. cols./100 mL, colonies per tOO millthters] 
Nilto· Phos· 
Cal- Magnc- POUIS· Chlo- gen. phonJ~ Cull-
e1um. SlUm, Sodium, ~mm, All. a- Sulfate, ride, N~+N01 onho. ronn 
Specific Temper- dis- dis- dis· dis- linity. dis- dis- diS· dis- fecal 
condue- pll aturc. solved solved solved solved field solved solved solved solved rnf nsru-
Site t.anee (standard water (mg/1... (mg/L (mg/L (mg/L (mg/Las {mg/L (mg/L (mg/L (mg/L (cots./ 
number Site name Date (~/em) units) (OC) as Ca) as Mg) as Na) asK} CnC03) as S04) as Cl) ~N) asP) IOOrnL) 
Decatur Spring 12-18-95 .. .. -- 43 1.6 4.8 L7 102 5.3 8.7 2.6 0,03 100 
12-18-95 -- .. .. 42 1.6 4.7 1.7 106 6.2 7.0 2.7 .02 SIXl 
12-18-95 -- .. -- 43 1.6 4 ,7 1.7 104 4.3 6.1 27 .02 500 
12-18-95 -· -- -- -- - - .. 106 4.7 6.8 2.8 .02 50() 
12-20.95 - ·- .. 46 1.9 5.1 1.9 NO 5.1 7.7 2.7 ,02 IIXJ . 
12-2().95 .. .. -· 51 1.9 [,·' 1.8 ND 4.9 7.5 2.7 .02 9() 
' 
12-20.95 - .. .. 46 1.7 ,.,, 1.9 NO 4.5 7.2 2.6 .02 10 
12-20.95 - .. - 45 1.7 4.9 2.1 102 6.5 7.2 3.7 .03 540 
6-07-96 247 7 12 17.6 .. .. - - 126 .. 8.6 3 
6-14-96 246 6.116 17.7 .. .. - . . 80 - 8.9 2.6 
6-3().96 240 7.21 19.6 .. .. -· - 100 - 8.6 2.5 
7-14-96 243 7.32 19.6 .. -· .. .. 128 - 10.0 2.4 
7-14-96 254 7.3 111.5 .. .. .. .. 102 . . 9.4 2.11 
7-21-96 249 6.84 .. .. .. - .. 146 - 9.5 2.8 
7-28-96 265 6.96 18.6 .. -- .. .. 136 ·- 9.5 2.9 




With respect to contaminant indicator constituents, nitrate concentrations of Decatur Spring 
typically are in the range of 2 to 4 mg/L. These values are about average for typical Boone 
springs (Adamski, 1987), and are some of the lowest for the springs of this study. Considering 
the intensive agricultural and human use of the recharge area, it appears that geochemical 
breakdown of the nitrate is occuring along the flow path. At present, fecal coliform has not 
shown the huge fluctuations observed in springs like Bralys, but based on land use and other 
associated water quality constituents, it is likely that large variations occur here as weU. 
Docwnented differences in fecal coliform counts range from I 00 cfu/1 00 mL to 540 cfulmL, 
much lower than other springs in this study (Rick Monk and Ralph Davis, University of 
Arkansas, written commun., 1996). However, a low-flow sample collected near the orifice on a 
hot September day gave a anomalously high 5000 cfU/1 00 mL (Jaysson Funkhouser, U.S. 
Geological Survey, written cornmun., I 996), suggesting that the potential for high bacterial 
concentrations exists when conditions favorable for turbidity and resuspending bottom sediments 
occur. 
Conceptualization and Preliminary Basin Delineation 
Conceptually, Decatur Spring is a semi-confined to confined spring draining a large (23-26 
km2) gent ly undulating, upland area under conditions other than extreme low flow (fig. Al9). 
Under low flow conditions, the captured surface water bypasses the spring, and the only 
spring flow during these times appears to be that generated in the recharge area west of the fault. 
Recharge in this western part of the drainage basin is areal. With increasing water levels and 
stream stages, there is an increasing contribution from surface streams such as Wolf Creek. 
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The relatively wide range of temperature (about 4° C) and conductivity are consistent with 
relatively short flow paths and variable mixing from a large basin with numerous input points. 
The western segment of the basin that contributes flow to Decatur Spring is thought to be the 
upland area that lies south of the spring orifice (fig. Al8). Jts delineation is based on an 
imprecisely defined ground-water divide. Where the Decatur fault cuts across stream courses, 
flow may be diverted from those sources. Flow paths west of the fault are defined by a slightly 
northward dipping permeability contrast in cherts ofthe Boone Formation, and possibly, the St. 
Joe Fonnation. None of the boundaries shown are known with great certainty, for the spring lies 
below the surface level of the entire basin, and boundaries probably shift laterally with varying 
ground-water levels. East of the fault, the basin is defmed by its surface watershed segment C. 
This is felt to be an adequate delineation, because this basin is intensively dissected, and 
underlain by exposed St. Joe Fonnation. The degree of stream piracy at WolfCreek and Decatur 
Branch are being delineated by dye tracing, (seg,ments A and B, fig. A 18). Justification and 
documentation of different boundary segments is given in table A 12. 
- a=--
Table A 12. Basis for delineaung the recharge area of Decatur Spring 
Boundary code 
for segment Documentation and evidence for delineation 
on figure A 18 
A Boundary A is ground-water divide defined by approxi-
mate boundaries of surface watershed Eastern part 
of this boundary is fault defined. 
B Boundary B is defined by structure and dye tracing, as well 
as structural geology, geomorphology, water quality, 
and variability in spring discharge. It is possible flow from 
Decatur Branch is pirated to Decatur Spring from unspeci-
fied locations along the fault. 
C Boundary C is defined by normalized base flow, surface 
topography and reconnaissance studies. Boundary 
is active for flows great enough to generate outflow from 
Crystal Lake 
Comments and references 
Moderate confidence assigned 
to thls boundary. Dye tracing 
shows positive results from 
cave streams at 14 to I (fig. A 18) 
Stream capture from Wolf Creek 
documented. Jljgh confidence, 
as Wolf Creek flow declines 
under low base flow conditions, 
this marks the eastern boundary 
of Decatur Spring basin 
Dye tracing in Decatur Branch 
planned at the completion of cur-
rent tests. 
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Stafford Spring, near Green Forest, Ar ka nsas 
County: Carroll 
U.S. Geological Survey 7.5-m.inute quadrangles: Green Forest and Blue Eye 
Spring elevation: 360m above sea level (estimated from topographjc map) 
Latitude/Longitude: 362217 932641 
Location (Township}: 20N23W29ABB 
Discharge (base flow): 0.07 m3/sec (Jaysson Funkhouser, U.S. Geological Survey, written 
commun. 1996) 
Area of spring recharge basin during base flow: 27.6 km2 
Normalized base flow: 0.003 m3/slkm2 
Hydrogeologic Framework 
Stafford Spring issues from an enlarged bedding~ane and joint intersection in a west-facing 
bluff of the upper Boone Formation. The ground-water basin that provides water to this spring 
encompasses an unknown stratigraphic range at this time (fig. A20). It is bound below by 
permeability contrasts of the upper Boone Formation in part of the basin (northeast), and 
possibly by formations as old as the Cotter Formation (west). Dye tracing shows that flow in 
Braswell Branch is pirated to Stafford Spring. The upper surface of the aquifer in the basin 
includes the regolith developed on the Batesville Sandstone, the Boone Formation, and possibly 
the Cotter Dolomite. 
Structura l Control 
The structural control of Stafford Spring is based on field observations, interpretation of aerial 
photography, regional hydrogeology, dye-tracing, and ground-water geochemistry. No known 
geophysical logs are available for this basin. Structural control is present, and plays a secondary 
role to lithology in defining the spring basin. The aquifer is nearly flat lying, as shown by the 
almost level geological contact of the Boone Formation with the overlying Batesville Sandstone 
(William Bush and Boyd Haley, written commun., 1972; Haley and others, 1972). 
A strong dominant linear feature occurs in the recharge area of Stafford Spring, an alignment 
ofweU-developed sinkholes and surface drainage that parallel the stream reach of Yocum Creek 
(fig. A21 ). These features strike about N50-55<>'E, and extend for more than 5 km. Another 
strong linear feature lies south of the orifice of Stafford Spring; this feature has a strike ofN80-
900W, extends for more than II km, and includes the linear segments ofBraswell Branch 
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Figure A20.-+lyr:/tostutigr.lphic framework of Stltfford Spring. 
and Callens Branch. Stafford Spring lies within 0.3 km of the intersection of these two strong 
lineations. 
One fault has been mapped in the Green Forest 7.5-minute quadrangle, and no faults have 
been mapped in the Blue Eye quadrangle (William Bush and Boyd Haley, Arkansas Geological 
Commission, written commun. 1972). These two quadrangles encompass most potential 
recharge areas to Stafford Spring basin (fig. A21). It is likely that the linear features mentioned 
above are unmapped faults present within Stafford Spring basin; this likelihood is based on 
geomorphic and hydrogeo logic similarit ies with other basins in northwestern Arkansas where 
previously unmapped faults have recently been docwnented (Martin and Brahana, 1995). The 
fault in the Green Forest quadrangle has a strike that varies from N5°-25°W, and may play a 




Figure A.Z1.-6tzlff'ord Spring, with rekv11nt data-collection sites, 11pprox/tr'lllte boundllrles, sum,oe laust features, 
lind deline~~tion or the llretl tiYt axrtributes flow to St8ff'ord Spring. 
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Soils 
Soils in the area of Stafford Spring basin are generalized into Ra.zort-Portia-Britwater 
association, of which the Peridge and Razort learns, with low slopes, represents more than 20 
percent of the basin, the valleys (Fowlkes and others, 1981, inset sheets 14 and 19). These are 
typical of soils developed on the Batesville Sandstone, and are relatively well-drained, and have 
thickness reported to range from 50 to 100 em 
The northeastern part of Stafford Spring basin is characterized by soils of the Noark series, 
which were formed in residuum of weathered cherty Boone Limestone and the overlying 
Batesville Sandstone. Noark very cherty silt loam, Nixa very cherty silt loam, and the Linker silt 
loam occur on slopes of variable grade. These soils are typically 150 to 200 em thick, well-
drained, and moderately permeable (Fowlkes and others, 1981 ). 
Karst Landforms 
For the most part, the area contributing to the flow of Stafford Spring has an intermediate 
number of surface-karst landforms, fewer than the area north ofTanyard Spring, yet many more 
than Little Wildcat Spring basin. As is typical elsewhere in northern Arkansas, numerous karst 
features are present, but many are covered with residuum. Sinkholes and related point input 
features are most numerous here in the flat upland setting that is underlain by Batesville 
Sandstone over pure carbonates of the upper Boone 'Formation. Most of the sinkholes occur at 
elevations that are within the interval 384 to 386m above sea level, and most are typically larger 
than sinkholes elsewhere in northwestern Arkansas that are developed by piping in the regolith 
that overlies the Boone Formation and the St. Joe Formation (Fanning, 1995). 
In addition to sinkholes, surface expressions of the dissolution of carbonate rocks nearby 
include enlarged joints, enlarged bedding planes, sinking streams, caves, and springs (table Al3). 
All ofthese features are strongly controiJed by the occurrence of pure carbonate-rock lithologies. 
These features are integrated into a well-connected ground-water flow system that captures most 
of the surface water and diverts it underground. 
Hydrogeologic Boundaries and Flow Domain 
Stafford Spring basm is elevated above the regional base level, and the spring represents the 
upgradient point of surface-water occurrence in the watershed under all conditions except intense 
precipitation events. No permanent streams are present above 393 m elevation, although 
interrnittant streams extend above 412 m; land surface in some of the plateau surfaces south of 
Stafford Spring exceed 427 m. The general absence of streams indicates that precipitation that 
falls in the area generally infiltrates to recharge the ground-water reservoir rather than running 
off. Ground water from outside the surface watershed is thought to contribute to springflow, 
based on the area of contribution determined from the normalized base flow the spring. The 
normalized base flow for this basin was computed to be 0.003 m3/slkm2. Ground-water 
conditions in the basin range from unconfmed to partially confmed. 
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Table A 13. Inventory of surficial karst features near the recharge area of Stafford Spnng 
ldcntificatton Radial distance to 
number on map Stratigraphic tnterval Stafford Spong 
(fig. A21) Name of feature of katsu fication (hlometers) Comments 
Stafford Spnng Upper Boone 0.0 Histone water supply for Green 
Forest. Currently unused 
2 BrasweU Spring 3.1 
3 Hammond Spnng 2.9 
4 Sinkhole Batesville/Upper Boone 0.97 
5 Stokhole Batesville/Upper Boone 1.45 
6 Sinkhole Batesville/Upper Boone 2.6 
7 Sinkhole Batesville/Upper Boone 0.8 Sinkholes 7-10 appear to be on smgle 
lmeauon 
8 Sinkhole Batesville/Upper Boone 1.6 Sinkholes 7-10 appear to 
be on smgle lineation 
9 Stnkhole Batesville/Upper Boone 2.9 Sinkholes 7-10 appear to 
be on stngle lineation 
10 Sinkhole Batesville/Upper Boone 3.1 Sinkholes 7-10 appear to 
-- be on single lineation - .._ 
II Sinkhole Batesville/Upper Boone 2.9 
12 Sinkhole Batesville/Upper Boone 3.1 
13 Braswell Branch Boone, undtffen:ntl3ted 2.4 Dye mJection. Loss of about 
Losing stream; karst 0.028 m3/s observed (total stream· 
pavement flow) 
14 Losing stream: karst Boone, undifferentiated 2.6 Close to rrtajor lineation 
pavement, enlarged 
joints 
15 Losing stream: karst Boone, undifferentiated 0.16 
pavement. extensive 
dtssolubon 
16 Anderson Spring Boone. undifferentiated 4.2 Major dtscharge approximately 2 
times that of Stafford. Currently 
being used as Green Forest water 
supply 
17 Unnamed springs Boone, undifferentiated 0.16 These are ovedlow springs asso-
(there are 5) ciated with Stafford Spring. They lie 
at the identical stratigraphic interval, 
and along the major northeast linea-
ment that forms Yocum Creek Valley. 
These were all positive for the dye 
trace. 
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Stafford Spring basin represents a large areal component of the surrounding, 
hydrogeologically-similar terrane. This terrane topographically and physiographicaJiy 
encompasses the interval below the escarpment separating the Boston Mountams Plateau and 
the Springfield Plateau. 
Stafford Spring drains into Yocum Creek, which flows to the northeast. Yocum Creek is the 
major hydrologic boundary on the northwest, and it flows into Table Rock Reservoir, a dammed 
part of the White River. The White River is the ultimate hydrologic base level in this part of the 
State. 
The upland surface (fig. A21) is thought to drain to Stafford Spring from the northeast side. 
The ground-water divide separating drainage to Stafford Spring and drainage to the east is 
approximated at this time to lie west ofthe linear feature described previously. 
Selected Water-Quality Attributes (Background) 
As with most karst springs in northwestern Arkansas, water quality in Stafford Spring varies 
in response to precipitation events and to season, consistent with the interpretation that the flow 
system is anisotropic and heterogeneous, and flow is derived from fast-and slow-moving ground-
water components (Peterson and others, 1998). 
--- --' 
The water from Stafford Spring is a calcium bicarbonate type with generally low 
mineralization (table A14). Conductivity at the spring varies in response to storms, and at base 
flow typically is about 210 microsiemens per centimeter (f.lS/cm). The temperature at Stafford 
Spring is 15.0° C, showing fluctuation of more than two degrees throughout the year. For the 
most part, residence time of the water in the aquifer does not allow time for complete thennal 
equilibration. 
With respect to contaminant-indicator constituents, nitrate concentrations of Stafford Spring 
typically are in the range of 5 to 7 milligrams per liter (mg/L). These values are elevated above 
concentrations of from 0.2 to 0.6 mg!L, determined by Adamski ( 1987) to characterize 
"predevelopment", or control conditions in a pristine area of eastern Benton County. Chloride 
concentrations in Stafford Spring are low, typically less than 10 mgiL range; Adamski (1987) 
reported chloride values in his control area as ranging from 1 to 6 mg/L. Stafford Spring has 
variable fecal coliform concentrations (Peterson and others, 1998), varying from less than 10 to 
36,000 colony forming units per 100 mL [cfu/mL]), not uncommon for a basin in karst terrane in 
northwest Arkansas that has overlapping agricultural and human use. 
Conceptualization and Preliminary Basin Delineation 
Conceptually, Stafford Spring is a serni-confmed to unconfined contact spring draining a 
gently undulating, escarpment-bound upland area (fig. A22). Recharge is areal, with probable 
contribution from surface streams such as Braswell Branch and upstream reaches of Yocum 
Creek when it is flowing. The variable temperature of the spring, and the variable discharge 




Table Al4. Selected water-quality attributes of Stafford Spring 
(J.LS/cm. microsiemens per centimeter at 25 degrees Celsius; °C, degrees Celsius: mg!L. milhgmms per liter. cols./100 mL, colonies per 100 milliliters;<. tess Lhan] 
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Tnblc Al4. Selected water-quality ntlnbutes of Stafford Spring--Continued 
[).IS/em, mtcrosiemens per centimeter at 25 degrees Celsius: °C, degrees Celsius~ mg/L, milligrams per liter. cols/100 mL, colonies per 100 milliliters;<. less than] 
Nitro-
Cnl- Mugnc- Pmas· Chlo· gen. 
cium. sium. Sodium, sium, Alb· Sulfate. ride. N02+N03 
Specific Temper- diS· dis- dis- di~- linity. diS· dis- diS· 
conduc- pll aturc. solved solved solved solved field solved solved solved 
Site tance (Stllndnrd water (mg/L (mg!L (mg!L (mg/L (mg!Lns (mg/L (mg/L (mg/L 
number Slle name Date (j.J.S/cm) units) (oC) as Ca) a~ Mg) a.~ Na) asK) CaC03) as so.> as Cl) as N) 
Stafford Spring 5-05-97 365 8.57 13.92 58.8 10.31 4.74 2.86 1.50 10.56 9.23 3.78 
5-05-97 368 8.52 13.40 60.7 10.44 4.74 2.76 158 10.66 9.84 3.73 
5-05-97 370 8.53 13.34 60.3 9.17 4.78 2.81 152 10.77 9.14 3.73 
5-05·97 373 8.50 13.12 6 1.4 9.47 4.94 2.78 160 1100 8.98 3.85 
.5-05-97 380 8.44 13.29 62.0 6.49 4.82 2.68 156 11.14 9.00 3.91 
5-05-97 378 8.56 14.37 64.5 9.89 5.(>2 2.74 160 11.28 9.11 3.85 






solved rnf ugar 
(mg/L (col~/ 








aquifer. Recharge through the porous upland of BatesviUe Sandstone is less flashy and more 
uniform and continuous, reflecting subdued seasonal and storm stresses. However, this basin 
shows predominant slow-flow, diffusive ground-water response, which is reflected in the fairly 
narrow range of discharge and water quality variations. Although fast-flow, conduit-type ground 
water flow characterizes some other nearby springs such as Reves and Anderson, it is not a 
dominant flow mechanism in Stafford Spring basin. 
STAFf'OfU> SPRINC IS A SIX·OOMPONEHT fLOW SYS'Tt:M. 
I S1R£AM PfRAC't" AT BRASWEll. BRNICH 
l f:l'lKA!lST 
3 VADOS& co:murr 
4 VADOS& DlfTUS& 
5 PHREAnC CONDUIT 
6 PHREAnC DlfTUSE 
STAFfORD SPIUIIC ISSUES FROM THE liPPER 8001."!: 
BIIT Ml'iY INctJl..OE fUlW ffi0/.1 A BROAD ~C~ Of" ' 
f'OftMAnONS. OW!HC TO STREAM PIRACY AT sus-~~ 
FAUI.TS. '~'""" 
WEATMER.W RESIDUUM. C£NEIW..I.Y'Tlflll 
BIIT VARlASU: 1l(JCJQo'&SS. 
DOMINATED BY SM'DY SOILS W11li 
s.viDSTON& f'RACMENI"S WH&RJ:: 
rT IS DE:V&I.OPED ABOV& 'TlfE 
BAlESV!u.& I"'RMAnON 
RECHARGE IS AAE.All.Y DISTRIBIIT&O 
Part of the basin that contributes flow to Stafford Spring is in an upland area that lies north 
and east ofthe spring orifice (fig. A21) Where the escarpment is present, the basin is effectively 
defined by a slightly westward dipping permeability contrast in the upper Boone Formation that 
is truncated by land surface (fig. A21). Where the basin underlies the uplands, the boundary is 
less well defmed, and probably shifts laterally with varying ground-water levels. It is 
conservatively defmed by (fig. A21), with the enclosed area determined by the normalized base 
flow of the spring. 
Another part of the basin lies west of the ipring orifice, and includes all the area that 
contributes flow to Braswell Branch. None of the boundaries shown is known with great 
certainty, for the spring lies below the surface level of the entire basin, and boundaries probably 
shift laterally with varying ground-water levels. East of the fault, the basin is defined by its 
surface watershed, segment C. Justification and documentation of different boundary segments 
is given in table A 15. 
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Table Al5. BaSIS for delineating lhe recharge area of Stafford Spring 
Boundary code 
for segment 






Documentation and evidence for delineation 
Boundary segment A is defined on surface watershed 
directly up gradient from Stafford Spring, north of the 
lineation (fig. All) 
Boundary segmem B based on structure, geomor-
phology, and normalized base Row. 
Boundary segment C honors surface watersheds, and 
apparent fault control in subbasin delineation 
Boundary segment D honors the high surface water 
davade on soulhwest part of basin lithology, geomor-
phology, and topography channel surface-water flow 
into losing reaches 
Boundary segment E is hybrid boundary based on 
structure, lineations, normalized base flow, interpre-
tation of aerial photographs, and ongoing dye t.races. 
In general, this area contributes to surface drainage 
area south of the laneation. 
Comments and references 
High probabiuty that this boundary 
delineates recharge, especially during 
events that generate overland ftow 
This boundary is not confidently 
defined at this time. Dye tracing is 
planned to verify placement. 
This boundary is not confidently 
defined at this time. Dye tracing is 
planned to verify placement. 
This boundary is not confidently 
defined at this time. Dye tracing is 
planned to verify placement. 
Boundary is not confidently defined. 
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Appendix B 
A WRC Water-Quality Data 
f'4!C<lll 
Sprill!J Qat. Tlme Sample Cl S04 l.o~ p()4..p NH-Wf roc Alkallolty Collform E.. coli E. con Mg 
N\lmber mgll mgll m9IL mgll .mgll m9J!. mgll as C.C03 cfui10GmL cfuJ100mL conflrmed mgiL 
Braly 12/17195 6 .05 PM 95315-4 93-4 4 59 11.01 0083 0036 0.46 9<4 1400 1100 .. 1983 
Braly 12/17195 10 35 PM 953155 10.39 5.10 10 98 0083 0036 0.55 98 1700 1800 1960 
Braly 12/18/95 335 AM 953156 8 28 4 08 10.97 0.085 0041 0.57 98 3500 2300 1998 
Braly 12/18195 735AM 953157 758 3 59 10.94 0082 0 410 0.79 100 31000 34000 • 2 133 
Braly 12/18195 245PM 953158 775 358 10 68 0083 0033 0.36 100 1210 2 147 
Braly 12/18195 815PM 953159 7 79 4 31 10 66 0 014 0074 084 100 2100 2199 
Braly 12/19195 1215PM 953160 748 4 17 10.19 0087 0027 076 100 2000 2154 
Braly 12/19/95 115PM 953161 789 4 31 1056 0083 0027 062 96 1100 2209 
Braly 4122196 Z'31 AM 961390 679 587 10.41 0119 <0.01 4.83 102 12900 10500 208 
Bolly 4122196 800 AM 961391 628 5 75 9.84 0.080 <0.01 068 102 760 850 1<498 
Braly 4122196 12:30PM 961393 7 42 534 12.13 0074 <0.01 056 92 790 420 2.356 
Braly 4123196 2.00AM 961395 8 58 8 02 14 36 0 081 <0.01 1 12 94 630 580 2656 
Braly 4123196 835AM 961433 958 6 24 15.57 0070 0.055 1 53 90 530 340 .. 27&4 
Braly 4123196 2.35PM 961434 1015 600 8.47 0.070 0033 196 88 240 300 3 041 
Braly 4123196 90S PM 961435 10 43 588 16 68 0071 0 ().44 1.20 88 330 240 3012 
Bialy 4124196 705AM 961436 102e 587 16.29 0088 0 .033 120 88 260 220 3088 
Braly 2120197 500PM 971582 741 3 82 12.37 0.079 00-44 1.09 88 40 10 2.257 
Braly 2120197 630 PM 971583 7 35 366 12.60 0098 0049 1.37 88 40 30 2183 
Braly 2120197 1030 PM 971584 7 .39 364 12.39 0.089 0.049 1 15 82 40 10 2.222 
Braly 2121197 7 45AM 971585 7 21 3 71 12.36 0083 0.088 1.02 80 50 <10 2254 
Braly 2121/97 12 45 PM 971586 7 35 387 12.18 0079 0 018 100 82 30 120 • 2 236 
Braly 2121197 700PM 971629 7 82 4 12 1198 0088 0006 163 88 2000 1400 2 219 
Braly 2122197 100AM 971630 5 83 544 1016 0088 0009 168 82 18000 14000 .. 2 038 
Braly 2122197 700 AM 971831 642 488 10.43 0076 0019 1 11 84 1300 1700 2.142 
Braly 2122197 1 OO PM 971632 799 530 12.70 0082 0010 1.23 90 1000 290 2491 
Braly 2122197 600 PM 971633 878 NA 13.79 0081 0010 092 &4 1840 330 2n8 
Braly 2123197 430PM 971662 883 458 13.25 0074 0004 0.88 82 110 20 ... 28&4 
Braly 6/12/97 933 PM 972452 7 51 3 73 12.77 0078 0 011 0.85 90 49 20 2 105 
Braly 6/13197 533 AM 972453 809 4 14 1301 0 074 0 03-4 1.46 90 260 45 2 253 
Braly 6/13197 1052 AM 972454 8 21 372 13 04 0074 002 031 92 16 13 2 257 
Braly 6/13197 1152 AM 972455 917 3 74 12.80 0080 0 016 014 92 180 190 2 219 
Braly 6/13197 122PM 972456 890 3 70 12.67 0080 0 017 076 920 28 19 2 221 
Braly 6/13197 95.2PM 972457 9 11 372 1286 0079 <0009 0.78 9<4 10 15 2225 
Braly 6/14197 12 52 PM 972458 732 3 71 12.50 0080 0 011 1 30 92 13 12 2229 
Braly 6/14/97 712PM 972479 888 3 72 12.77 0 078 0023 146 100 17 16 2 266 
Braly 6/14/97 1112PM 972480 9 11 369 12.72 0078 0 016 062 98 7900 8200 2 279 
Braly 6/15197 612AM 972481 8.92 3 74 12 67 0.073 0.018 044 96 22 28 2249 
Braly 6/15197 912PM 972482 7 71 369 12.54 0.079 <0 009 1.25 90 99 103 2.292 
Btaly 6/16197 9'58AM 972483 9.15 3 70 1266 0080 <0009 1 12 90 10 15 2200 
Braly 6/17197 840AM 972504 7.12 386 12.49 0074 0031 1.55 100 170 104 2330 
Btaly 6/18197 4 03 PM 972520 7 87 3 71 13.23 0083 0022 <0.09 90 65 40 2283 
Stilly 6/19197 419PM 972528 sn 5 41 12.55 0028 0028 1.01 98 90 60 HIS.C 
Braly 8/17197 715 AM 980445 897 358 12.13 0060 <OOCXI 143 108 9200 4600 2395 
Braly 6/18197 252 PM 980475 960 4 25 12.33 oon <0009 0.31 108 4000 3200 2 351 
Braly 8/18/97 522 PM 980476 900 3 73 12.19 0.079 0.015 0.28 104 3200 3500 2359 
Braly 8/19197 152 AM 980477 9.05 3 65 12.34 0.083 0022 0.24 108 1900 2300 2249 
Btaly 8/19197 552AM 980478 758 3 76 12.42 0.081 0033 0.28 108 1700 1500 2261 
Btaly 8/19197 5 42 PM 980487 931 369 11.98 0083 0 031 1 15 110 7200 5300 2439 
Braly 8/19197 812 PM 980488 908 369 12.40 0 .082 0022 0.95 108 1800 2700 2 515 
Braly 6/19197 9 42 PM 980489 9 .n 3 70 12.36 0.083 0022 0.73 104 4000 3700 2449 
Braly 6120197 142AM 980490 9 .17 3 70 12.28 0076 0022 009 108 3400 1100 2 479 
Braly 8120197 4 42AM 980491 9 39 3 70 12.33 0.074 0022 0.15 108 6300 3900 2483 
Braly 8120/97 215PM 980492 910 367 12.34 0097 0014 011 108 4600 3600 2 453 
Braly 1/4198 6 .33 AM 981643 6 97 6.68 10.64 0.078 0 014 2.39 88 2000 1000 2294 
Braly 1/4198 1134PM 981644 770 6.19 12.19 0087 0020 3.70 92 3000 2100 2 812 
Braly 1/5198 4 3-4 AM 981645 827 6 69 14.93 0070 <0009 3 89 90 2000 2800 3103 
Braly 1/5198 1 3-4 PM 981646 849 6 51 15.08 0087 0015 3.95 94 590 100 3 216 
Braly 1(5/98 632 PM 981&47 998 6 45 14.99 0082 0 015 317 90 320 120 3048 
Braly 1/5198 714 PM 981695 710 662 14.50 0074 <0009 160 90 200 220 3124 
Braly 1/5198 944PM 981696 899 636 14.68 0080 0024 1.42 92 460 370 3 13-4 
Braly 116/98 1 14AM 981697 902 617 1428 0079 0025 1.58 9<4 180 270 3147 
Braly 116198 614AM 961698 883 609 13.&4 0076 0 010 1.81 92 1700 1260 3.089 
Braly 116198 914 PM 981699 898 5 79 13.68 0072 0 015 165 92 520 690 2.830 
Braly 117198 11 OOAM 981700 912 563 13.70 0.075 0 041 1.26 94 180 0.9 3058 
Braly 1/6/98 9 45 AM 981763 730 5 74 13.32 0201 0022 1.28 90 280 150 2.925 
8-1 
Spring Oat. Time Ca Na K Se ln Mn Fe- Cu As pt, Cc{ c:o HI I pH 
mgiL m!)lt mg/L mgiL mg/L mg/1.. mpll. mgll. mgll.. mgJI.. mgJL m!JIL m;lt .:J/1.. 
Braly 12117195 605 PM 51300 2405 0396 0.0004 00031 00009 <0.003 <0 0014 <0.003 00007 <0.0009 747 
Braly 12117195 10 35 PM 51 .800 2.417 0367 0.001 0 0266 0001 <0.003 <0 0014 <0.003 0.0008 <0 0009 7 51 
Braly 12118195 3 35 MI. 51.600 2.4J.4 0388 00003 0 00<11 0 0012 <0.003 <00014 <0.003 00006 <0.0009 7 48 
Braly 12118195 7 35 MI. 53.100 2522 0 391 00022 00059 0 0011 <0003 <0 0014 <0.003 00005 0.0017 7 48 
Braly 12118195 245PM 54700 2.598 0 3951 00015 0.0021 00006 00027 00024 0.0021 00015 0 0011 0.0014 782 
Braly 12118195 615PM 56900 2638 0 535 00027 00014 00005 00023 00021 <0003 00014 <00005 0001 7 94 
Braly 12119195 1215PM 56600 2 575 04828 00012 00015 00006 0.0026 00018 0002 00013 00010 0 .0013 801 
Braly 12119195 115PM 56 300 2658 04195 0.0023 00017 00008 00022 00019 0.0017 00013 0 0012 0.0011 7 92 
Braly 4I22J'¥j 2.31 MI. 55100 2228 1 113 <0 00<1 00089 00166 0.075 <0.0014 <0003 00006 <00006 <0.0005 <0 0009 775 
Braly 4122196 6 oorw. 58.545 2.520 0924 <0.00<1 0 00<15 <0001 0.0111 <0 0014 <0.003 <0.003 <00006 <0.0005 <0 00091 7 71 
Braly 4122196 12 30 PM 58.875 2.259 0905 <0.00<1 0.0067 <0 001 <0.003 <0 001.C <0003 <0.003 <00006 <0.0005 <0.0009 I 7 87 
Braly 4123196 2.00 AM 57.585 2.613 1298 <0.00<1 0.0129 00066 0 0366 <0 0014 <0.003 <0.003 <0.0006 <0 0005 <O.OO<XI • 782 
Braly 4123196 8 35 M~. 56200 3 J.48 1 757 <0 00<1 00008 00028 0.0039 0 0019 <0003 <0.003 <00006 0.0005 0 0018 ' 7 71 
Braly 4123196 235 PM 55.700 4 238 2.142 <0004 0.0105 00032 0.0068 00039 <0003 <0.003 00023 <0.0005 0.0021 ' 1n 
Braly 4123196 905 PM 58.300 3.72 2088 <0 00<1 00100 00032 0.0041 00023 <0003 <0.003 <00006 <0.0005 00015 ' 7 69 
Braly 4124196 70S AM 56800 3 781 2019 <0 00<1 00005 00045 00039 00014 <0003 <0.003 <00006 00005 0.0013 ' 7 82 
Braly 2120197 500 PM 54.704 2.559 0384 NA 
Braly 2120197 630 PM 58795 2.506 0 366 NA 
Braly 2120197 10·30 PM 54.523 2.552 0370 NA 
Braly 2121197 7 .cs MI. 54720 2 555 0397 NA 
Braly 2121197 12 45 PM 51 753 2.587 0 385 NA 
Braly 2121/97 700PM 54 710 246.c 0 4J.4 705 
Braly 2122197 1 oorw. 52..C21 2 ().44 1088 7 31 
Braly 2122197 1 oorw. 51 723 2.258 0 755 744 
Braly 2122197 1 OOPM 56.256 2654 0733 7 41 
Braly 2122197 600 PM 59.030 3().44 0755 7.55 
Braly 2123197 .C30PM 54665 2996 0.873 703 
Braly 6/12197 9 .33 PM 65 182 2.296 0 388 7 
Braly 6/13197 5 33 MI. 63.705 2423 0 412 8 
Braly 6/13197 10 52 MI. s1n1 2 470 O.C16 8 
Braly 6/13197 11 52 MI. 55495 2462 0439 8 
Braly 6/13197 122 PM 58057 2461 0426 8 
Braly 6/13197 952PM 59054 2 .C78 0401 7 
Braly 8114/97 12 52 PM 56.656 2462 0427 7 
Braly 6/14197 712 PM 59.716 2 518 0 410 7 
Braly 6114197 1112 PM 56697 2 542 0404 7 
Braly 6/15/97 6 12 MI. 56 224 2 551 0 408 7 20 
Braly 6/15197 912 PM 59 191 2 582 0 4 11 7.31 
Braly 8116197 9 56 MI. 59.335 2 478 0396 716 
Braly 6/17197 840 MI. 62965 2.472 0558 7 11 
Braly 6/18197 403 PM 57465 2.509 0407 7111 
Braly 6/19197 4 19 PM 42.240 4 032 1905 704 
Braly 6/17197 715 MI. 57 335 2.700 0 414 0.049 0007 00019 0008 <0006 <0 012 <0.011 <0.001 <0.003 <0.024 890 
Braly 8118197 252 PM 60127 2.672 0425 0.054 0006 <00006 0.006 <0006 <0012 <0.011 <0001 <0 003 <002.C 7 01 
Braly 8118197 522 PM 59.007 2676 0 <414 7 07 
Braly 8/19/97 1.52 AM 60.908 2.558 0 403 0.053 0009 <00008 0.006 <0.006 <0012 <0.011 <0001 <0003 <0 024 700 
Braly 6/19/97 552 AM 59.322 2.600 0 425 0075 0008 <0 0006 0006 <0006 0013 <0 011 <0.001 <0.003 <0024 7 13 
Braly 8119197 5 42 PM NA 2.661 0390 796 
Braly 8119/97 812 PM 58.343 2n3 0 417 7 91 
Braly 6/19197 942 PM 67.456 2737 0408 760 
Braly 6120197 1 42 MI. 62138 2.709 0383 7 72 
Braly 6120197 4 42AM 63179 2731 0396 0052 0038 <00006 <0003 <0006 <0 012 0005 <0 001 <0003 <0024 8 37 
Braly 6120197 215PM 61 S.C2 2 76<1 0372 0059 0 oa.c <0 0006 0.004 0006 <0012 0.007 <0001 <0.003 <0024 831 
Braly 1/4198 6 33 MI. 56.2.C2 2.158 1 S.C9 786 
Braly 1/4198 11 ·34 PM S.C.567 2 561 1 361 794 
Braly 1/5198 4 J.4 MI. 66.318 3 092 1 176 7 81 
Braly 115198 1 J.4 PM 65.216 3231 1 458 771 
Braly 115198 632PM 63.969 3237 1 4 13 7 53 
Braly 1/5198 714 PM 59.199 3088 1 346 7 48 
Braly 1/5198 944 PM 60.091 3065 1309 7 46 
Braly 1/6198 114 M~. 60.394 3 17.C 1261 748 
Braly 116198 61.C AM 59.725 3039 1 209 7 51 
Braly 1/6198 91 4 PM 60.222 2.S.C 1 1 031 7 48 
Braly 1/7198 11 OO AM 59.701 3.204 1105 7 48 
Braly 118/98 9 45 MI. 58.429 3155 1145 764 
8-2 
Spring oat. llmo SP Stage Temp 
mSicm Jnches •c 
Braly 12117195 605PM 311 1 181 14 « 
Braly 12117195 10 35 PM 311 1 139 14 38 
Braly 12118/95 3 35 /W. 312 1 264 14 38 
Braly 12118/95 7 35 /W. 311 1305 14 33 
Braly 12118195 245 PM 316 1264 14 33 
Braly 12118195 615 PM 321 1 429 14 27 
Braly 12119195 1215 PM 317 1 720 13 81 
Braly 12119195 115PM 314 1 637 1381 
Braly 4122196 231 AM 313 2217 14 73 
Braly 4122196 600AM 318 4042 14 81 
Braly 4122196 1230PM 326 3 627 14.79 
Braly 4123196 2 . 00AM 340 5 120 14.50 
Braly 4123196 836AM 349 5369 14 so 
Braly 4/23196 235PM 362 5493 1502 
Braly 4123196 905PM 358 5659 14 84 
Braly 4124196 705AM 354 5076 14 73 
Braly 2120197 500PM NA 0.683 15 37 
Braly 2120197 6.30PM NA 0.740 15.37 
Braly 2120197 1030PM 293 0 .740 14 74 
Braly 2121197 745AM NA 0740 1508 
Braly 2121/97 1245 PM 321 0 740 14 74 
Braly 2121197 7 00 PM 303 1 019 1503 
Braly 2122197 100AM 285 3204 14 86 
Braly 2122197 700AM 290 3 018 14 80 
Braly 2122197 1 OOPM 311 3 716 15 20 
Braly 2122191 600PM 324 4320 1503 
Braly 2123197 430PM 309 3869 15.26 
Braly 8/12197 9.33 PM 317 2684 15.54 
Braly 6/13197 5.33 AM 319 2 556 15 71 
Braly 6113197 1052AM 314 2 716 1566 
Braly 6113197 1152 AM 315 2747 1566 
Braly 6/13197 122PM 315 2n9 1566 
Braly 6113197 952PM 315 2 716 1526 
Braly 6114197 12 52 PM 315 2 747 1583 
Braly 6/14197 7·12 PM 315 2621 15 66 
Braly 6/14/97 1112 PM 316 2 526 15 71 
Braly 6115197 6 12 /W. 316 2 580 15.54 
Braly 6115197 912PM 316 2 589 15.71 
Braly 6116197 9 56/W. 318 2 556 1560 
Braly 8/17197 640AM 324 2~ 15.20 
Braly 8/18197 403 PM 333 2684 1567 
Braly 6119197 419PM 332 2558 1572 
Braly 8/17/97 715AM 323 0 916 1543 
Braly 8/18197 252 PM 333 0684 15.60 
Braly 8/18197 522 PM 332 0 916 15.n 
Braly 8/19197 1:52AM 332 0947 15.54 
Braly 8/191117 5.52 AM 333 0 979 tsn 
Braly 8/19197 542 PM 328 1 011 15.94 
Braly 8/19197 612 PM 318 0 979 15.n 
Braly 8/19197 942PM 318 0979 1583 
Braly 8120197 142 AM 318 1 011 15n 
Braly 8120197 4 42/W. 318 0916 15n 
Braly 8120197 2:15PM 321 0916 15 94 
Braly 1/4198 6.33 /W. 285 6884 15.14 
Braly l/4198 11 34 PM 306 7 232 15.31 
Braly 115198 434AM 337 8118 1503 
Braly 1/5198 134PM 328 8 811 1554 
Braly l/5198 632PM 331 8 .747 1531 
Braly 115198 714PM 348 ens 15.37 
Braly 115198 9« PM 345 8853 1543 
Braly 118198 114AM 343 8495 1580 
Braly 118198 814AM 343 8400 1543 
Braly 116198 914PM 341 8 242 15.20 
Braly 1n198 11 .00AM 340 7 926 15.08 








































































12117195 2 45 PM 
12117195 4 15 PM 
12117195 5 45 PM 
12117195 1 15 PM 
12118195 11 30AM 
12118195 2 30 PM 
12118195 4 00 PM 
12119195 4 00 PM 
4122196 2.00 PM 
4122/96 7 30 PM 
4/23196 7 .30 AM 
4123196 I 30 PM 
4123196 2 47 PM 
4123196 7 17 PM 
4/24196 12 17 AM 
4/24196 9 17 AM 
2119/97 7 15 PM 
2119197 10'45 PM 
2120197 12 45 AM 
2120197 4 45 AM 
2120197 9 45 AM 
2120197 2 45 PM 
2120197 9 05 PM 
2121197 3 05 AM 
2121197 9 05 AM 
2121197 3 05 PM 
2121197 4 22 PM 

















































































~pie Cl SOo4 NOl-14 p()c..p NH4-N TOC 


































































































































































































































































































































































































































































































































































Cotl{cmn E. cofr /! co(( . i: Mg 













































































































































































































Spring Pat• l1me ¢a Na K $e Zn Mn Fe Cu "- Pb Cd Co Hi I pH • ,.,~ mgll 11¢ mgJL 189/L mg1L mg/L m~ mgiL mgll. mg:i'l. mg.\. ~ 
Decatur 12117195 2:45PM 43000 4777 1687 00003 0 2312 <00001 00247 <00014 <0003 <0 0005 <0 0009 7 47 
Decatur 12117195 415PM 42490 <1704 1694 00006 01116 00009 00055 <00014 <0003 00006 0 0012 748 
Decatur 12117195 545PM 43020 -4721 1.711 0 0015 00457 0 001 00097 <00014 <0003 0 0007 <0 0009 7!)8 
Decatur 12117/95 715PM 768 
Decatur 12118195 11 .30AM 45 980 5140 1 875 0 0035 00075 00013 0.0073 <0 0014 <0.003 0 0013 00006 0.0014 754 
Decatur 12118/95 2:30PM 51 300 5080 1 844 0 0014 0.0062 0 0013 00059 <0.0014 <0003 00014 00007 0 0013 7 59 
Decatur 12118/95 4:00PM 46 520 6 080 1658 0 0015 00028 0 0018 00048 <0 0014 <0003 00001 <0.0005 00009 N/A 
Decatur t2119195 4·00PM 45190 4.872 2076 00014 00056 0 0017 0 0118 <0 0014 <0003 00020 <0 0005 0.0006 7.34 
Decatur 4f22196 2:00PM 45050 4.&42 1659 <0004 0.0009 00042 <0.003 <0 0014 <0.003 <0003 <00008 <0 0005 <0 0009• 7 58 
Decatur 4122196 7.30PM <46 600 4635 1 682 <0.004 <00002 00053 0 0058 <0 0014 <0.003 <0003 <00008 <0 0005 <0 0009 1 7 51 
Oecalllf 4123196 7·30AM 44 110 4456 1900 <0.004 <00002 00037 000&4 <0.0014 <0.003 <0003 <00008 <0 0005 <0 0009 753 
Decatur 4123196 1:30PM 40680 .. 355 1929 <0004 <0.0002 00043 00091 <00014 <0003 <0003 <00008 <0 0005 <0 0009 755 
Decatur 4123196 2:47PM 36020 4072 1808 <0.004 <00002 00032 00027 00026 <0003 <0003 00014 <0.0005 0.0012 I 7.72 
Decatur 4123196 717PM 39950 4 118 1 873 <0.004 <0.0002 0.003 00034 0.0025 <0003 <0003 00007 00005 0 0012 I 793 
Decatur 412-4/96 12:17 AM 37770 4063 1 763 <0004 <00002 00031 00029 0 0014 <0003 <0003 <00008 <00005 00016 I 7 82 
Decatur -4124196 917 AM 36220 4091 1 731 <0.004 <0.0002 00031 00026 0.0013 <0.003 <0003 00011 <0.0005 00011 ' 7 81 
Decatur 2119197 7:15PM 45633 4.542 1 784 NA 
Decatur 2119197 10:45 PM 45.495 .. 594 1758 NA 
Decatur 2120197 12:45AM 46.516 4 677 1 758 NA 
Decatur 2120197 o4:45AM 45 611 4577 1 776 NA 
Decatur 2120197 9.45AM 47 254 -4731 2067 NA 
Decatur 2120197 2.45PM -47 110 -4523 1 912 NA 
Decatur 2120197 9:05PM 35780 3279 2.091 6 82 
Decatur 2121/97 305AM 35407 3197 2. 186 889 
Decatur 2121197 9.05AM 36281 5658 2.190 894 
Oec8tuf 2121197 3:05PM 36 918 3-479 2380 6.98 
DecatiK 2121/97 4:22PM 36115 3 411 2335 720 
Decatur 2125197 6:00PM 36888 3 763 2584 7.17 
Decatur 8112197 204AM 45923 3957 1 875 7 31 
Decatur 6/12197 704AM 44 803 4 U7 1983 729 
Decatur 6/12197 103 PM 45.071 4077 2 013 7 27 
Decatur 8112197 8:03PM 45746 3 798 1860 7 24 
Decatur 6113197 404AM 45 8<46 4 157 1.994 7 21 
Decatur 6/13197 9'16AM 40696 .. 025 1 961 7 49 
Decatur 6/13197 10.16AM 42.544 4 135 2006 758 
Decatur 6/13197 11 46AM 42 756 4 045 2011 7 42 
Decatur 6/13197 116PM 42162 4032 1950 7 43 
Decatur 6/13197 5:16PM 42.829 .. 168 2026 7 41 
Oecatl.lr 6/14197 5·16AM 44457 4 263 2046 744 
Decatur 6/14197 446PM 45187 4017 1 924 7211 
DecatiK 6117197 !0:03AM 43522 3970 1898 732 
Oecatl.lr 6/18197 2:44PM 44459 4039 1.872 7.28 
Decatur 8119/97 3:30PM 51.458 2529 0 361 722 
Decatur 8111/97 1:53PM 46.607 4 725 2.143 0.049 0.118 <00006 0004 0.009 <0.012 0.013 <0.001 0003 <0.024 727 
Decatur 8111197 3:23PM 47 910 4 237 1 885 0.052 0.132 <0.0006 0004 0 010 <0.012 <0.011 <0001 0008 <0024 7 15 
Decatur 8111197 4:53PM 48.718 .. 128 1 828 713 
Oecarut 8111/97 6:23PM 46 978 4 280 2 031 0068 0.095 <00008 0 010 0.012 <0 012 0006 <0001 0003 <0024 716 
Decatur 8111197 8:23PM 47847 4306 2.010 706 
Decatur 8112197 5.23AM 49934 4 537 2.052 0.063 0.311 <00006 0017 <0006 <0.012 0009 <0001 0003 0024 706 
Oecat\Jr 8112197 12:03 PM 45.968 4803 2068 0026 0063 <00008 0021 0008 <0012 <0011 <0001 0.009 <0024 7.30 
Decatur 8112197 2:06PM 41135 4795 2136 7 . 35 
Decatur 8112197 336PM 45131 4 885 2058 7.31 
Decatl.lr 8112197 906PM 44680 4 701 2006 729 
Decatur 8113197 4.06AM 44880 4831 2080 7 28 
Decatur 8113197 9.06AM <46 803 4 520 1 941 720 
Decatur 8114197 2:55PM 45.5&4 4864 2.109 7.20 
Decatur 1/4198 4:24PM 38.45o4 3 761 2.926 7 61 
Decatur 1/4196 5.24 PM 39228 3865 3.066 761 
Decatur 1/4/98 654PM 36.214 3.660 5.698 7.80 
Decatur 1(4/98 855PM 39.545 3903 2727 7 63 
Decatur 115198 5:55AM 39.878 3849 4 796 7.57 
Decatur 115198 5.28PM 43.035 3953 2847 7.52 
Oeca1ur 116/98 300AM 40406 3 823 2786 7.50 
Decatur 116198 12'00 PM 39301 3832 2977 7.47 
Oecatl.lr 116198 6'08 PM 41820 3935 3082 7 .52 
Decatur tn/98 1.00AM 42:877 4102 2902 7<48 
Decatur 1n199 924AM 42540 4132 2875 7.36 
Decatur 118/98 10:00AM 40054 4 186 2841 717 
B-5 
Spring Do Ttme Sl> SUige Temp. 
mS/cm Inches "C 
Decatur 12117195 2<45 PM 267 3.840 1215 
Decatur 12117195 4 15 PM 261 3 912 12 09 
Decatur 12117/95 5<45PM 262 3 912 12.03 
Decatur 12117195 715PM 262 3 912 1203 
Decatur 12118195 1130 AM 271 3 587 1209 
Decatur 12118195 230PM 267 3 551 1209 
Decatur 12118195 <400PM 261 3623 1198 
Decatur 12119/95 <400PM 266 5 103 11 63 
Decatuf 4122196 200 PM 264 4.922 13.81 
Decatur 4122196 730 PM 262 5.067 1358 
Decatur 4/23196 730 AM 257 56« 13.18 
Decatur 4123196 130 PM 2<44 7 269 13.47 
Oecatllr 4/23196 2 47 PM 2.:1 7 340 13.58 
Oecalur 4123196 717 PM 240 7090 1358 
Decatur 4124196 1217 AM 238 6870 13.<47 
Decatllr 4124196 917 AM 243 6290 13.68 
De<:atllr 2119197 715 PM 245 3 824 10 83 
Oecatllr 2119197 10.45 PM 244 4102 10 72 
Decatur 2120197 12'<45AM 246 3 896 ton 
Decatur 2120197 4<45AM 246 4136 10 83 
OecabJr 2120197 945AM 247 5 372 10.83 
Decatur 2120197 245PM 250 5 764 1129 
Decatur 2120197 905PM 211 7 501 11 35 
Oecatllr 2121197 30S AM 202 8 599 11 06 
Decatur 2121/97 905 AM 214 8290 1100 
Decatllr 2121/97 305 PM 218 8325 11 06 
Decatur 2121/97 422PM 221 8 290 11 12 
Decatur 2125197 600 PM 223 8016 16 10 
Decatur 6/12197 204AM 234 2<440 1818 
Decatur 6/12197 7 04 AM 234 2 573 1818 
Decatur 6/12/97 103 PM 237 2627 1869 
Decatur 6112/97 803 PM 235 2 307 1835 
Decatur 6/13197 4104AM 234 2680 18.41 
Decatur 6/13197 916AM 234 2573 1858 
Decatur 6/13197 10 16AM 233 3160 18.64 
Decatur 6/13197 1146 AM 233 2 573 18.81 
Oecatllr 6/13197 118 PM 234 2573 18.75 
Decatllr 6/13197 516 PM 233 3027 18 69 
Decatur 6/14197 518AM 234 2413 18.46 
Decatur 6/14197 448PM 233 2520 18 87 
Decatur 6111/91 1003 AM 246 2.547 19.00 
Decatur 6/18197 2 <44PM 247 2573 18.83 
Oecatllr 6/19197 330 PM 2<43 2333 19.11 
Oecatllr 6/11197 153PM 245 1 773 19.50 
Decatur 6/11/97 323 PM 242 2 200 19.56 
Decatur 6/11197 4 53 PM 244 2600 19.50 
Decatur 6/11/97 623 PM 248 2627 1956 
Decatur 8111197 823PM 250 2573 19.50 
Decatllr 8112197 523 AM 261 2173 19 33 
Decatur 8112197 1203 PM 257 1 347 19 38 
Decatur 8112197 206PM 257 1 &40 19 61 
Decatur 8112197 336PM 256 1 827 19 50 
Decatur 8112197 906 PM 256 1720 19 27 
Decatur 8113197 4 06AM 258 1 427 19.33 
Decatur 8/13197 906 AM 262 1 347 19.33 
Decatur 8114197 255PM 242 1187 19.67 
Decatur 1/4/98 424 PM 222 5 613 11 <40 
Decatur 1/4/98 524 PM 225 5373 11 <40 
Decatur 1/4198 654 PM 232 5267 11 <40 
Decatur 1/4/98 855 PM 234 5987 11.35 
Oecatllr 115/98 555 AM 2<40 5 613 11.40 
Decatur 1/5198 528 PM 249 5560 11 .69 
Decatur 1/8198 300AM 244 5 800 11.98 
Decatur 1/6198 1200PM 239 5 373 12.32 
Decatur 118198 808 PM 248 5 613 12.15 
Decatur 117/98 1 OO AM 254 5853 11 69 
Decatllr 117/98 924AM 252 5827 11 52 
Decatur 118198 1000AM 244 5 587 1U2 
Spring Dat. Tlme ~pie Cl S04 ttol~ P()4..f> 
~ 
NK4-H TOC Al~linlt)r Coliform E. coif E. coif Mg 
NUmber rngll. mg/l mgll mgll mgiL mgll mgil. as CaC03 cfuf1QOmL cful100ml confirmed mgll 
Decatur 4/27/98 UlOAM 983085 307 110 
Decatur 4127198 130AM 983086 308 10 
Decatur 4/27/98 230AM 983087 310 220 
Decatur 4/27/98 4 OOAM 983088 304 280 
Decatur 4127198 900AM 983089 304 110 
Decatur 4127198 1·00PM 983109 3.06 72 
Decatur 4127198 5·00 PM 983110 304 74 
Decatur 4127/98 710PM 983111 304 78 
Decatur 4127198 910PM 983112 303 67 
Decatur 4128198 12.10AM gsJ113 305 59 
Decatur 4128198 310AM 983114 3.03 41 
Oeca1ur 4128198 6.10AM 983115 3.05 37 
Decatur 4128198 10.10AM 983116 303 47 
Decatur 4128198 2'10AM 983117 302 63 
Decatur 12112198 4.46PM 991250 365 0025 230 
Decatur 12112198 7:46PM 991251 3.81 0022 170 
Decatur 12112198 9:46PM 991252 3.86 0.024 150 
Decatur 12112198 10'46PM 991253 383 0.023 18 
Deca1ur 12112198 11.46 PM 991254 386 0.023 20 
Decatur 12113198 1246AM 991255 3.83 0.024 34 
Decatur 12113198 1 46AM 991256 3 80 0.028 25 
Decatur 12113198 246AM 991257 389 0023 33 
Decatur 12113198 3'46AM 991258 3 89 0023 34 
Decatur 12113198 446AM 991259 3 93 0022 54 
Decatur 12113196 8'46AM 991260 3.91 0.026 22 
Decatur 12113198 1146AM 991302 397 0024 69 
DecaM 12113198 651 PM 991303 3.94 0024 5 
Oecatllr 12113198 9.51 PM 991304 394 0023 5 
Decarur 12113198 11 .51 PM 991305 3 97 0024 5 
OecaM 12114198 551 AM 991306 3.94 0029 270 
Decatur 12114198 151 PM 991307 3.95 0039 30 
Decatur 514199 330AM 992558 5 53 7 09 4.10 0021 0.021 3 46 104 10 2 722 
Decatur 514199 500AM 992559 534 6 91 3.96 0.015 0034 258 102 1290 1 849 
Decatur 514199 630AM 992560 502 665 3.96 0 044 0 015 369 98 2900 1739 
Decatur 514/99 800AM 992561 483 7 15 4.36 0 057 0 012 423 94 3800 t 792 
Decatur 514199 930 AM 992562 529 770 4 74 0054 0074 3 53 92 2900 1 882 
Decatur 514199 11 OO AM 992563 4 95 799 4 79 0044 0016 3 42 92 4000 1827 
Decatur 514199 12 30 PM 992564 508 817 4 76 0039 0 01 I 330 92 2500 I 912 
Decatur 514199 200PM 992565 545 8 23 4 71 0037 0010 296 94 2200 1980 
Decatur 514199 3:30PM 992566 545 822 487 0.034 0043 329 94 1800 1889 
Decatur 514199 5.00PM 992567 536 836 5.07 0034 <0009 346 86 2200 1 $41 
Decatur 514199 6:30PM 992568 4 76 8.34 496 0039 0011 3 75 90 3200 1896 
OecaM 514199 8:00PM 992569 467 828 5.02 0.046 0.026 358 88 4500 1 888 
Decatur 515199 2:19AM 992570 507 9.20 6.12 0039 <0009 335 88 1230 2091 
Decatur 515199 4:21PM 992697 527 915 6.19 0 038 0029 334 146 1160 1 984 
Decatur 516199 1.21AM 992698 611 9.06 6.25 0 036 0022 312 150 7300 1 993 
8·7 
... ~ . . 
S{:lrlng Oet. nme ¢<1 Na K Se Zn Mn Fe Cu As Pb Cd Co Ni I pH 
rovll mgll mg/L mgiL ~IL mgll mgll. mgll mgll mgll. mgll m!Jil. mgiL )ll 
Decatur 4/27f98 1 OOAM NA 
Decatur 4127f98 130AM NA 
Decatur 4/27f98 2 30AM NA 
Decatur 4127f98 400AM NA 
Decatur 4127198 900AM NA 
Decatur 4/27f98 100PM NA 
Decatur 4127198 500PM NA 
Decatur 4127198 710PM NA 
Decatur 4127198 910PM NA 
Decatur 4128198 1210AM NA 
Decatur 4128198 310AM NA 
Decatur 4128198 610AM NA 
Decatur 4128198 10 10 AM NA 
Decatur 4128198 210AM NA 
Oeciltur 12112198 4 4tl PM 820 
Decatur 12112198 7 4tl PM 813 
Decatur 12112198 1148PM 7118 
Decatur 12112198 10 46 PM 830 
Decatur 12112198 11 46 PM 796 
Decatur 12113f98 1246AM 816 
Decatur 12113f98 146AM 845 
Decatur 12113f98 248AM 826 
Decatur 12113f98 348AM 832 
Decatur 12113198 4 4t!AM 833 
Decatur 12113198 846AM 8211 
Decatur 12113198 11 48AM 820 
Decatur 12113198 851 PM 7.92 
Decatur 12J13f98 1151 PM 806 
Decatur 12J13f98 11 51 PM 7 79 
Decatur 12114198 551 AM 8 13 
Decatur 12114,1g8 151 PM 7 93 
Decatur 514199 330AM 41886 8516 3025 7 89 
Decatur 514199 500AM 42555 4 745 2899 7.52 
Decatur 514199 830AM 40880 4 278 2 813 7 55 
De<;atur 514199 800AM 37 219 3 982 2700 7 58 
Decatur 514199 930AM 37189 .. 069 2 786 7 55 
Decatur 514199 1100AM 38446 3 931 2641 7.92 
Decatur 514/99 12 30 PM 43465 3 943 2583 7.73 
De<:atur 514f99 200 PM 38.909 4.019 2573 7 87 
De<:atur 514199 330PM 38983 4 114 2645 720 
Decatur 5141911 500PM 40.940 4 119 2.794 763 
Decatur 514199 830PM 36.280 3 653 2782 74(1 
Decatur 514199 BOO PM 37409 3 758 2806 744 
Decatur 515199 2111AM 43 765 3 941 2 898 7.34 
Decatur 515199 4 21 PM 43101 3880 2 887 782 
Decatur 516199 121 AM 40.056 3 994 2900 768 
6-8 
Sf:lt1nQ Debt Tlmo SP Stag• Tefllll. 
mSicm Jll(;hes •c 
Decatur 4127/98 1 OOAM 196 3 933 15 18 
Decatur 4127198 130AM 196 4 013 15 24 
Decatur 4/27198 2.30AM 197 4 387 15 13 
Decarur 4127198 400AM 197 4 493 15 13 
Deca1ur 4127/98 900AM 196 4 253 1502 
Decatur 4127198 1 OOPM 196 4 067 1502 
Decatur 4127198 SOOPM 194 4 013 14 96 
Decatur 4127198 7 10PM 194 3960 14 90 
Oecarur 4127198 910PM 194 3.987 14 90 
Decatur 4128/98 12.10AM 195 3960 14 84 
Decatur 4128198 310AM 196 3.960 14 78 
Decatur 4128198 810AM 196 3987 14 78 
Oeca1ur 4128198 10 lOAM 194 3033 14 84 
Decatur 4128/98 210AM 194 3933 14 78 
Decatur 12112198 446 PM 302 3.587 1369 
Oeca1lJr 1211m8 748 PM 301 3640 1364 
Decatur 1211m8 946 PM 300 3640 13 58 
Decatur 12112198 1046 PM 298 3640 1347 
Decarur 12112198 11 46 PM 301 3687 13 <47 
Decarur 12113198 1246AM 299 3 773 13..47 
Decatur 12113198 1<46AM 297 3687 1341 
Decatur 12113198 246AM 299 3 700 13.35 
Decatur 12113198 3<46AM 299 3 747 13<47 
Decatur 12113198 44GAM 299 3729 13 35 
Decatur 12/13196 846AM 299 4 013 13.35 
DecatlK 12/13198 1146AM 300 3827 13 52 
Decatur 12/13198 651 PM 301 3773 1347 
Decatur 12/13198 9.51 PM 300 3772 13 41 
Decatur 12/13198 11 51 PM 302 3800 13.35 
Decatur 12/14198 5.51 AM 301 3 747 13 24 
Decatur 12/14198 151 PM 301 3 747 13 52 
Oecarur 514199 330AM 284 5 507 1605 
Decatur 514199 SOOAM 282 6413 1593 
Oecatur 514199 630AM 265 6 813 15 76 
[)e(:atur 514199 800AM 26<4 6 787 1565 
Decatur 514199 930AM 266 6947 1565 
Decatur 514199 11 OOAM 267 6 920 15 59 
Decatur 514199 1230 PM 271 7 027 15 53 
Decatvr 51<4199 200PM 272 6 840 15.47 
Decatur 514199 330PM 277 11 .&80 15 53 
DecatlK 514/99 SOOPM 272 6760 1559 
Oeca1ur 5/4199 630PM 265 6813 1559 
Decatur 514/99 800PM 261 7060 15.59 
Dec811Jr 515199 219AM 277 6646 15 76 
Decatur 515199 421 PM 273 6827 15.55 
Decatur 51'8199 121 AM 280 6 547 1530 
8-9 
Date ltme Sample Cl S04 ~~ P04<P N~ TOC Alkalinity 
.Nwnber tnglL rogll. mgA. mgll mgll rngll mgil. ~ Cae03 
Little Wtldcat 12/17195 3 15 PM 
Little Wtldcat 12/17/95 6 15 PM 
Little Wtldcal 12/18195 12.45 AM 
Little Wildcat 12/18195 4 45 AM 
Ltttle Wildcat 12/18195 217 PM 
Lrttle Wrldcat 12/18195 11 47 PM 
Lttlle Wrldcat 12/19195 8.47 AM 
Little Wildcat 12/19195 2 47 PM 
lrttle Wildcat 4122/96 4:30 AM 
ltttle Wtldcat 4122196 7:30 AM 
Little W11dcat 4122196 2:00 PM 
Little Wildcat 4123/96 5.00 AM 
Little Wildcat 4123196 9:23 AM 
Little Wtldcat 4123196 1.23 PM 
little Wildcat 4123196 623 PM 
little Wildcat 4124196 3:23 AM 
Ultle Wildcat 2120197 3:08 AM 
Ultle Wtldcat 2120197 7:07 AM 
Little Wildcat 2120197 10.50 AM 
lttlle Wtldcat 2120197 1:04 PM 
lrttle Wtldcat 2121197 2 34 PM 
LrtUe Wildcat 2121197 7 57 PM 
Little Wildcat 2121197 11 20 PM 
Lrttle Wtldcat 2125197 10:50 AM 
Little Wtldcat 6/12197 It 58 AM 
lJttle Wildcat 6/t2}g7 4.58 PM 
Little Wildcat 6/13197 12:58 AM 
little Wildcat 6/13197 7 '16 AM 
t.JtUe Wildcat 6/13197 8·08 AM 
Lrttle Wildcat 6113197 2:38PM 
Little Wildcat 6/13197 9:38PM 
Little Wildcat 6/14/97 2 38 AM 
lrttle Wildcat 6114197 8·46 PM 
Lrttle Wildcat 6/15197 5 46 AM 
loltleWoldcat 6/15197 \1 :46PM 
Lottie Woldcat 6/16197 1127 AM 
Lrttle Wildcat 6/17197 11 30 AM 
I.JtUe Woldcat 6/18197 8.30 AM 































































8.15 AM 980446 
9:45AM 980447 









8119197 3 58 PM 
Lrttle Wtldcat 8119197 3 58 PM 
l.Jttle Woldcat 8/19197 3.56 PM 
Utile Woldcat 8/19197 3.56 PM 
lftlle W11dcat 8/19197 3.56 PM 
l.Jttle Woldcat 8/19197 3:56 PM 
lrttle W ildcat 8/19197 3:58 PM 
Uttle Wildcat 8/19197 3:58 PM 
Little W ildcat 8/19197 3'58 PM 
little Wildcat 8119197 3·58 PM 
Little Wildcat 8/19197 3:58 PM 
l.Jttle Wildcat 8/19197 J ·S6 PM 
























891 2 96 
1011 3.67 
1093 3 48 
11 54 3 42 
9 86 5 92 



































13 74 257 
13 04 2.75 
12 87 2.55 
12 78 2.54 
12 83 256 
13 07 2 62 
12 95 2.58 
13 02 263 
1286 268 
12 36 291 
8 44 3 19 
8 28 396 





















































































































































































































































































0 048 4 93 
0 048 4 25 
0 042 4 48 
0 026 4 66 
<0.009 3 93 
0 047 2 84 
0.043 2 65 
0 029 3.03 
0.052 2 6 
0 012 2.97 


































































Coll(orm S. coli E. coli 
































































































































































































Sprin~ n.te llme Cli Na K $e 'Zn Mn Fe Cu /14 Pb Cd Co HI I pl1 
mgll mgll. mg/L mtll mgrt. RJg/L mptL mg/L mg/L mgll mp1\. mgtl.. rngA. JIL 
lrttle W11dcat 12117195 315PM <4262 8 2<40 2061 0001 <4 00822 0006 0 01<42 0 0011 0003 0.0003 00021 7 59 
L1ttleWtldcat 12117195 815PM 45<4 9 610 1517 0.0003 02<436 00033 0007 00012 000().4 00007 0 0021 7 8<1 
Little Wildcat 12118195 1245AM 3991 8060 1 745 00018 01579 00059 00307 00019 00008 00006 00023 792 
l.JttleW11dcal 12118195 445AM 3915 7 750 1776 0001<4 0.0761 0 00<49 00169 00016 0 0011 000().4 00024 79<4 
utile W•ldcat 12118195 217 PM 41 02 8190 1 887 00005 00346 00035 00138 00048 <0003 00019 <00005 00028 7.34 
utUe W•ldcat 12118195 1147 PM <4313 8720 1688 00017 00066 0 00<43 00089 <00014 <0003 00015 <00005 00012 7.03 
l.sttle W11dcat 12119195 847AM 37 36 7 120 2.175 00026 00070 0 00<46 00271 0.002 <0003 00018 <00005 00017 696 
Utile W•ldcat 12119195 247 PM 3627 6860 2238 00017 00032 0.0038 0014-4 <0001<4 <0003 00013 <0.0005 00013 685 
UtUe Wildcat 4122198 430AM 4172 6800 1 559 <0.00<4 00534 0.0029 00187 <00014 <0003 <0003 <00006 <0.0005 <0.0009 7.30 
l.sttleWtldcat 4122198 730 AM 38085 6437 2.192 <0 00<4 0.016 0.00<43 0 0111 00035 <0.003 <0003 <00006 <0 0005 <0.0009 788 
l.Jttle Wildcat 4122198 2.00 PM 3546 5420 2.335 <0 00<4 0.0036 0.0038 0.0234 <0 0014 <0.003 <0003 <00006 <0.0005 <0.0009 706 
Little Wildcat 4123196 5·oo ~w. 28185 "42<4 0.950 <0.00<4 00117 00032 00257 <00014 <0.003 <0003 <00006 <0.0005 <0 0009 899 
lrttle Wildcat 4123196 9 23AM 27.5 4 69 2.861 <0.00<4 0.0014 0006 0 0342 00037 <0003 00063 <0.0006 <0.0005 0.002 7 71 
Little Wildcat 4123196 1 23 PM 27 51 4 678 2.747 <0.00<4 00048 0007 0.0354 00026 <0003 <0003 <00006 <0 0005 0 0016 7 31 
Utile W ildcat 4123196 623 PM 26.49 4497 2.992 <0.00<4 0.0045 0.0063 00272 00036 <0.003 <0003 <00006 <0.0005 0.0019 725 
l.sttleWildcat 4124,ig6 323AM 27 97 4 8<18 3.513 <0 00<4 00046 00026 0026 0 0013 <0003 <0003 <00006 <0.0005 <0.0009 7.23 
UttleWIIdcat 2120191 308 /w. 52.541 8096 1.460 N/A 
Little Wildcat 2120197 707 /w. 51.582 7850 1.419 N/A 
L1ttle W1ldcat 2120197 10.50 /w. 51 .690 7700 1.397 N/A 
I.Jttle W•ldcat 2120197 104 PM 50.639 8 087 I 399 N/A 
Utt1eW1Idcat 2121197 2 34 PM 27 898 4 597 2.771 663 
UttleWildcat 2121197 7 57 PM 28 315 4 8<17 2.952 6 7<4 
UttleWIIdcal 2121197 11 20 PM 28087 4 58<1 2.853 671 
Little Wildcat 2125197 1050 /w. 34 619 5617 2.771 709 
l.Jtlle Wildcat 8/12197 958/w. 52602 8185 1263 7.12 
l.Jttle Wildcat 6112/97 458PM 52928 8.553 1.336 7 03 
l.sttle Wilocat 6113197 1258/w. 52899 8622 1355 686 
l.Jttle W11dcat 6113197 716 /w. 52 515 8 19<4 1 287 6.90 
l.sttle Wildcat 6113197 808/w. 49 881 8453 131<4 7 15 
uttle Wildcat 6113197 238PM 45 740 8352 1 271 NA 
Little Wildcat 6113197 936PM 48460 8 399 1 322 692 
Little Wildcat 6114197 238/w. 48 161 8436 1 356 6 92 
lrttle W11dcat 6114197 848PM 51040 8597 1319 892 
Little Wildcat 6115197 546AM 50956 8 335 1 291 6.90 
IJtUe Wildcat 6115197 1146PM 51404 84-49 1 314 685 
l.Jtlle Wildcat 6116197 1127 AM 50343 8236 1 344 703 
LrttleWildcat 6111197 11 30/w. 41515 6643 1 933 6.95 
utile Wildcat 8/18197 830AM 37 976 5 742 2.285 688 
lJttle W11dcat 6119197 155PM 34 460 6091 2.192 6.86 
Utile W ildcat 8/17/97 615AM 38 505 7266 2.775 0.040 0.009 0.0029 0.043 <0 006 0013 <0011 <0.001 <0.003 <0.024 8.22 
Little Wildcat 8/17/97 945AM 37.403 6.388 2.38<1 8 24 
I.Jttle Wildcat 8/17197 11.15AM 40970 7401 2.546 6.33 
Uttle Wildcat 8/17/97 12:45PM 41866 8.081 2.321 0.053 0.039 0.0149 0.023 <0.006 <0.012 0003 <0001 <0.003 <0.024 8.37 
Utt1eW11dcat 8/17197 4 45PM 4-4 .410 7.692 1.998 836 
UttleWildcat 8/18197 4:45 AM 39.459 8.129 2.251 0 042 <0006 00211 0 045 <0.006 <0.012 <0 011 <0.001 <0003 <002<4 6.01 
Utfle Wildcat 8/18/97 1'56 PM 40 383 6.207 2.258 0.025 0 .048 0 0127 0.010 <0006 <0 012 <0 011 <0 001 <0.003 <0.024 696 
UtUe Wildcat 8/18197 4 26 PM 38978 8.542 2.229 6.97 
Utile W ildcat 8/18197 7.56 PM 39 212 6 846 2.205 6.86 
Little Wildcat 8/18197 958 PM 42.045 8.721 2.245 0040 0019 0.0138 0.009 <0.006 <0.012 <0 011 <0001 <0.003 <0024 6.87 
Uttle W ildcat 8/19/97 456AM 42638 7 099 2.388 6 .83 
Little Wildcat 8/19197 356 PM 45106 7 402 2.111 687 
l.sttle Wildcat 8/19197 3 56 PM 38 9<48 6187 3285 719 
utile Wildcat 8/19197 356PM 3874 5 561 2.967 7.13 
I.Jttle Wildcat 8/19197 356PM 33153 4 543 3 518 7 03 
Little Wildcat 8/19197 356PM 30983 3959 3.4-43 8.91 
I.Jttle Wildcat 8/19197 356PM 30 741 4188 3.807 688 
Utile Wildcat 6119197 356 PM 28.146 3986 3.606 674 
l.Jtlle Wildcat 8/19197 356 PM 28328 3887 3803 6.66 
I.Jttle Wildcat 6119197 366PM 29138 3 8<17 3577 664 
l.Jtlle Wildcat 8/19197 356 PM 29 119 3979 3.661 865 
I.Jtlle Wildcat 8/19197 356PM 28 111 3864 3.802 667 
l.Jtlle Wildcat 8/19197 356 PM 27616 3805 3 9<49 666 
Utile Wildcat 8/19197 356 PM 28780 4 102 4.051 658 
B-11 
Sp<ing Date nme SP Stage Tenq>. 
mS/cm · .inChBI •c 
Little Wildcat 12/17195 315 PM 263 6 353 1368 
l.Jttle Woldca1 12/17195 6·15 PM 287 8353 1346 
LJttle Wildcat 12/18195 1:z-45AM 250 6817 1317 
l.Jtlle W ildcat 12/18195 445AM 247 6910 12.94 
utile Wildcat 12/18195 2. 17 PM 262 6585 12.82 
Little Woldcat 12/18195 11.47PM 272 6446 12 71 
UttleWIIdcal 12/19195 8.47 AM 243 6 353 1288 
U11leWIIdcat 12119195 2.47 PM 237 6 353 13 22 
Utile Wildcat 4122196 4:30AM 261 7652 1403 
IJt1le Wildca1 4122196 730AM 259 7 884 1391 
Utile Wildcat 4f'J2196 2.00PM 219 7838 14.37 
Little Wildcat 4123196 5·00AM 195 8162 12.65 
Utt!eWoldcat 4123196 9:23AM 194 79n 13 57 
utile WUdcat 4123196 123 PM 193 7 930 17 01 
l.Jtl!e Wildcat 4123196 623PM 193 7930 1534 
Uttle Wildcat 412<4.196 3'23AM 198 7838 12.42 
Little Wildcat 2120197 308AM 231 8 350 13 99 
Little Wildcat 2120197 707 AM 226 8300 13n 
Litl!eWIIdca1 2120197 10·50 AM 237 6 391 15 31 
Lrtl!e Wildcat 2120197 1 04 PM 237 6391 14 46 
Utile Wildcat 2121197 2.34 PM 188 1sn 12 65 
l.Jttle W ildca1 2121197 757 PM 187 744 1297 
L1tlle W ildcat 2121197 1120PM 169 7466 12 91 
Lrtl!e Wildca1 2125197 10.50AM 221 6964 14 40 
Little Wildcat 8112197 9·58AM 292 5525 NA 
utile Wildcat 8112197 4·58 PM 297 5 570 NA 
l.Jttle Wildcat 8113197 12.58AM 300 5618 NA 
Utde Wildcat 6113197 718AM 292 5 570 NA 
Lrtl!e Wildcat 8113197 8.08AM 288 5 570 NA 
Lrltle Wildcat 8113197 2:38PM NA 5662 NA 
Little Wildca1 8113197 9:38PM 288 5618 NA 
Little Wildcat 6/14197 2:38AM 287 5616 NA 
Little Wildcat 811 4/97 846 PM 289 5662 NA 
Little Wildca1 8115197 5.46AM 291 5662 NA 
Lottie Wildcat 6115197 11 46PM 288 5 798 NA 
Lttlle Wildcat 6116197 1127AM 264 5 798 NA 
LJtue Wildcat 8117197 11 30AM 246 6.574 NA 
Little Wildcat 8118197 8:30AM 234 8 819 NA 
Little Wildcat 8/19197 1:55PM 243 6482 NA 
Utile Wildcat 8117197 8.15AM 232 5 700 18.83 
Utile Wildcat Bl17m 9'45AM 231 6.400 1811 
IJt1le Wildcat 8117197 1U5AM 250 8550 1715 
Utile Wildcat 8/17197 12.45 PM 'Z74 8800 17.55 
Utile Wildcat 8117197 4.45 PM 259 8 550 17.81 
UtlleWIIdcal 8118197 445AM 234 6.450 16.00 
ultleWlldcat 8118197 1.56PM 241 8150 17 49 
Little Wildcat 8118197 426PM 245 8100 17 61 
Lrtlle Wildcat 8118197 7:58PM 250 6050 17 21 
UttleWrldcat 8/18197 9:56PM 254 6050 1680 
UttleWIIdca1 8119197 456AM 263 5950 16 11 
Little Wildcat 8119197 3.56 PM 270 5850 1790 
Little Wildcat 8119197 3:56PM 230 7 200 16 37 
Little Wildcat 8119197 3 56 PM 220 7 300 16 31 
l.Jtlle Wildcat 8119197 3 56 PM 194 7 250 16 31 
Lillie Wildcat 8119197 356 PM 176 7.250 1608 
Utile Wildcat 8/19197 3:56PM 187 8850 16 39 
UltleWildca1 8119197 356PM 192 6900 1634 
Little Wildcat 8/19197 3.56 PM 192 6850 16.14 
Utue Wildcat 8119197 356 PM 194 6850 16.14 
Lrltle Wildcat 8/19197 3·56 PM 194 6800 18.20 
Utile Wildcat 8/19197 3.56 PM 194 6~ 17 11 
Utile Wrldcat 8/19197 358PM 191 8800 15 28 
Lrttle Wrldcal 8119197 358 PM 187 7 050 15.68 
B-12 
.-~ 
Spting Oat& Tlme s.tllplt Cl S04 N03~ P~P NHf.N TOC Alkalinity Coliform 1!. co" E. coif Mg 
JWmbtr mgll. mgJl mgll mgJt. mg/L mg/L mgll. as CaC03 cfui100mL cfultOO:mL confirmed mgiL 
litue Wildcat 114198 305PM 981638 9 41 404 490 0058 0048 4 93 78 9500 4500 1860 
lrtt1e Wotdcat 114/98 4.06 PM 981639 874 413 4 97 0046 0048 4 25 70 5100 2200 1 638 
Lottle Woldcat 114/98 5·36 PM 981640 7 42 4 42 4 92 0053 0042 4 48 58 3300 3000 1638 
UttJeWoldcat 114/98 l1 06 PM 981541 6 49 4 60 485 0046 0026 466 52 7300 4700 1690 
littleWoldcat 1/5/98 327 AM 981842 7 21 5 31 607 0049 <0009 3 93 58 3100 3200 1 929 
LJttJe Woldcat 115/98 410PM 981707 7 00 5 31 6.04 0.051 0047 284 52 2000 820 1875 
Lottle Wildcat 115198 8:11PM 981708 7 20 5 43 614 0 031 0043 2 65 50 700 810 1 871 
littleWoldcat 1/6198 12:11 AM 981709 7 46 5 52 630 0 055 0029 3 03 48 980 860 1 862 
LltUe Wildcat 1/6/98 311 AM 981710 7 45 5.60 6.44 0 052 0052 26 48 720 860 1.901 
little Wildcat 1/6/98 12:11 PM 981711 762 567 6.62 0.051 0 012 297 52 800 430 1983 
Uttfe Wofdcat 117/98 8·13AM 981712 765 5 53 6.55 0036 0 017 2 24 46 620 330 2030 
Utile Woldcat 1f8/98 11 30 AM 981785 744 566 614 0170 0 018 185 48 860 1800 2.039 
Utile Wildcat 4127198 2.15 AM 963090 519 210 
Little Wildcat 4127198 846AM 883091 520 30 
Lottie Wildcat ~7/98 10.45 AM 983092 515 240 
LJttle Wildcat 4127/98 12:45 PM 9830G3 501 510 
little Wildcat 4127/98 2.45PM 983094 488 580 
Unte Wildcat 4127/98 5:04 PM 983100 4.97 700 
Utile Wildcat 4127/98 7'04 PM 983101 494 590 
Utile Wildcat 4128198 9:04PM 983102 496 540 
Utile Wildcat 4128198 12'04AM 983103 601 330 
Utile Wildcat 4128198 3:04 AM 983104 5OS 570 
Uttle Wildcat ~8196 604 AM 983105 508 440 
lrttle Woldcat 4128198 10:04AM 983106 5 12 300 
LJttle Wildcat 4128198 2:04 PM 983107 509 340 
llttle Woklcat 4128198 S·09 PM 983108 4 65 800 
LJttle Woldcat 12112198 3.39 PM 991239 537 0 013 120 
Lrt11e Wildcat 12112/98 639PM 991240 5.37 0029 54 
Unte Wildcat 12112198 8:39 PM 991241 5.35 0017 95 
Little Wildcat 12112/98 939 PM 991242 536 0 014 81 
UttJe Wildcat 12112198 10'39PM 991243 534 0015 290 
Little Wildcat 12112198 11 .39 PM 991244 528 0.013 540 
Lottle Woldcat 12113/98 12.39 AM 991245 5 09 0 017 970 
LoWe Wildcat 12113/98 1.39 AM 991246 510 0017 990 
Ullle Wildcat 12113/98 2:39 AM 991247 4 50 0 024 3200 
Lrt1JeWIIdcat 12113/98 3.39 AM 991248 4 35 0032 3600 
l.JttJe W oldcat 12113/98 7:39AM 991249 4 47 0032 4500 
LotUe Woldcat 12113/98 11 39 AM 991295 4 79 0024 300 
LltlleWoldcat 12113198 5.27 PM 991296 503 0031 370 
loUie Wildcat 12113/98 8:27 PM 991297 584 0.024 400 
LJttle Wtldcal 12113198 10.27 PM 991298 5.n 0.023 1100 
Little Wildcat 12114/98 4:27AM 991299 587 0026 840 
Little Wildcat 12114/98 12.27 PM 991300 594 0.022 570 
Little Wildcat 514/99 12:45PM 992590 904 3 13 4.86 0.006 0.116 4 81 98 170 1 628 
little Woldcat 5/4199 2:15 PM 992591 6 41 321 2.94 0.635 0432 7 05 78 24000 1.311 
lillie Wildcat 514/99 3.45 PM 992592 7 .35 3 19 4.26 0.185 0098 494 84 14000 1 530 
Ullle Woldcat 514199 5-15 PM 992593 959 3 61 4.76 0.096 0108 4 36 88 10700 1.579 
Utile Woldcat 5/4199 6:45 PM 992594 822 4.04 5.47 0.055 0.089 375 92 8400 1.719 
Li11leW~t 514/99 9·45PM 992595 743 453 5.23 0038 0 115 4 87 66 10900 1697 
little Wildcat 514199 1115 PM 992596 697 483 5.31 0028 0035 418 62 11200 1834 
Lillie Wildcat 515199 2:15 AM 992597 710 456 5.28 0.025 0109 507 60 8300 1850 
lrtt1e Woldcat 5/5199 345AM 992598 7 03 482 5.23 0.031 0175 4 35 60 7400 1604 
Lrt1Je Woldcat 515199 319 PM 9925gg 7 25 494 541 0.034 0115 4 38 60 5400 1816 
Little Woldcat 515/99 515AM 992600 6 61 560 552 0.023 0052 404 64 2400 1965 
LltUe Wildcat 515199 3'52PM 992699 6 91 561 6 01 0.015 0059 386 62 2100 1 811 
Lillie Woldcat 515199 652PM 992700 876 567 611 0.021 0031 334 60 2200 1 815 
Little Woldcat 516199 11:22 PM 992701 6 31 558 565 0025 0038 322 62 2000 1858 
Lillie Wildcat 516199 3:52 AM 992702 634 565 5.90 0024 0039 312 60 1700 1835 
B-13 
~Yill!J Dabt Ttm• Ca Ha f( Se Zn Mo t=e Cu ,.. Pfl Cd Co Nl ' pH 
mgn.. mgll. mgiL mgll OlgiL mgn.. mgl\. mgn.. mgll. ,ngJL mgiL mgJl mglt. ~IL 
L1tt1e W1ldcat 114/98 3 .05PM 38946 6187 3 285 7. 19 
Little Woldcat 1/4198 4 06PM 3 874 5 561 2 967 7. 13 
Little Wildcat 1/4198 538 PM 33 153 4 543 3 518 7 03 
Little W1ldcat 114198 11 06 PM 30983 3 959 3443 691 
LsttJe Wildcat 1/5198 327/W 30741 4168 3.807 668 
L1ttle W11dcat 1/5198 410PM 28146 3986 3606 6 74 
uttle Woldcat 1/5198 811 PM 28328 3887 3803 686 
utile Woldcat 1/6198 1211/W 29138 3847 35n 664 
Little Wildcat 1/6198 311 /W 29.119 3.979 3 881 865 
Little W1ldcat 116198 12.11 PM 28.111 3864 3802 887 
Little Wildcat 1n/98 813/W 27 616 3.805 3 949 688 
L1ttle Wildcat 1/6198 1130 /W 26780 4 102 4 051 868 
LlWe Wildcat 4127/98 215 AM 
LJWe Wildcat 4127198 845 AM 
Little Wildcat 4127198 1045 AM 
Little Wildcat 4127198 12 45 PM 
Little Wildcat 4127/98 2 45 PM 
Little Wildcat 4127198 5.04 PM 
Utile Wildcat 4127198 704 PM 
L1ttle Wildcat 4128198 904 PM 
Lrtlle Wildcat 4126198 1204AM 
L1ttle W11dcai 4128198 3.04/W 
Little Wildcat 4126198 604/W 
uttle Wildcat 4128198 1004/W 
Little Woldcat 4128198 204 PM 
Little Wildcat 4128198 509 PM 
Little W ildcat 12112/98 3'39 PM 7 48 
Little Wildcat 12112/98 6'39 PM 794 
Little Wildcat 12112198 839PM 802 
uttle Wildcat 12112/98 939PM 784 
Little Wildcat 12112/98 1039 PM 790 
Little Wildcat 12112198 11 39 PM 7.58 
Little Wildcat 12113198 12.39 AM 7 81 
Little Wildcat 12/13198 139/W 806 
Little Woldcat 12113/98 2.39AM 8 05 
Little W1fdcat 12113/98 339AM 7 92 
Little Wildcat 12/13198 739 /W 7 .83 
Lrttle Wildcat 12/13/98 11 39 /W 788 
Lrttle Wildcat 12113198 527PM 7.84 
Little Wildcat 12113/98 827PM 7 61 
Lstlle Wildcat 12113198 1027 PM 788 
U1lle Wildcat 12/14198 427AM a1 
Little W ildcat 12114198 1227 PM 7 78 
ut1le Wildcat 5/4199 12.45 PM 42.693 7 509 1833 7 23 
Little Wildcat 5/4199 215PM 23.063 3.892 7 423 708 
Little Wildcat 514199 3·45 PM 36097 5 832 3 797 7 1 
Little W ildcat 5/4199 515 PM 42.431 8009 2 992 7.32 
lJWe Wildcat 5/4199 6 45PM 87 2 43 6 355 2813 7.3-4 
utile Wildcat 5/4199 9 45 PM 33.041 4741 3258 728 
LJWe W11dcat 51~ 1115 PM 33562 4 380 3 473 7 27 
uttle Wrldcat 5/5199 215 AM 31 924 4 491 3 582 7 32 
utile Wildcat 515199 345 AM 29244 4 237 3281 723 
uttle Wildcat 515199 319PM 30 501 4 320 3 373 7 43 
Little Wildcat 5/5199 515/W 31 590 4 422 3 515 7 18 
Little W ildcat 515199 3.52 PM 28 139 4 292 3357 6 53 
Lfttle Wildcat 5/5199 652 PM 29223 4 284 3 510 7 18 
Little wndcat 516199 11 22 PM 29599 4 187 3537 7 21 
utile Wildcat 516199 352 AM 2243-4 4 369 3806 7 25 
8-14 
Spring l>at• rune SP SUg• TefJIP. 
mS/cm Inches oc 
uttle Wildcat 1/4'98 305PM 230 7200 1637 
uttle W11dcat 114198 4 06PM 220 7 300 16 31 
uttle Wildcat 114198 536PM 194 7 250 16 31 
LrttJe W11dcat 1/4198 11 .06 PM 175 7.250 1608 
uttle Wildcat 1/5198 3.27 AM 187 6850 16 37 
Little Wildcat 1/5198 4.10PM 192 6900 16.36 
Utt1e Wildcat 1/5198 8;11 PM 192 6850 16.14 
uttle Wildcat 116198 12.11 AM 194 6850 16 14 
uttle W11dcat 1/6198 3:11 AM 194 6800 16.20 
I.Jttle Wildcat 116f98 12:11 PM 194 6900 17 11 
utile Wildcat 1nl98 8:13 AM 191 6800 15.28 
Utile Wildcal 1/6198 1130 M1 187 7 050 1568 
lrttle Wildcat 4127198 2:15 AM 222 6050 1555 
lrttle Wildcat .at/98 8·45 AM 229 6000 15 78 
Lrtl!e Wildcat .n7196 10.45 AM 226 6050 15 73 
Uttle W11dcat 4127198 12:45 PM 221 6050 15 99 
lrttle Wildcat .all98 245 PM 2t6 6000 16.04 
Utt!eWildcat 4f27198 5:04 PM 212 6000 15.69 
uttle Wildcat .n7198 7:04 PM 212 6000 15.55 
Little Wildcat 4/28198 9.04 PM 212 8000 1514 
l.rtlleWl1dcat 4128/98 12:04 AM 213 5 950 15 24 
utile W11dcat 4128198 3:04 AM 215 5 900 15.28 
uwe Wildcat 4128198 604 AM 216 5 850 15 28 
utile W11dcat 4128198 10·04 AM 220 5 850 1573 
I.Jttle Wildcat 4128198 2:04 PM 22<1 5850 16.53 
utile W•ldcal .n8198 s·09 PM 222 51100 15 73 
Uttle Wildcat 12112198 3.39 PM 292 8000 709 
utile W•ldcat 12112198 6:39 PM 292 6 !50 7.15 
utile Wildcat 12112198 8:39PM 294 6 350 7 33 
UtlleW11dcat 12112198 939PM 294 6 500 736 
l..Jttle Wildcat 12112198 10 39 PM 292 6 500 736 
UUJe Wltdcal 12112198 11:39 PM 291 6 750 7.11 
Lit!Je W ildcat 12113/98 12'39AM 285 6 800 720 
LltUe Wildcat 12113198 139 AM 278 6950 7 21 
Utile Wildcat 12113198 2.39AM 269 7 000 7 12 
utt!e Wildcat 12113198 3:39AM 259 7050 694 
Utt!eW11dca1 12113198 7.39AM 233 7050 701 
Utile Wildcat 12113198 11 39AM 230 7050 794 
Utile Wildcat 12113198 5:27PM 237 6 950 7 92 
lJtt!e Wildcat 12113198 8:27 PM 245 8650 732 
Utile Wildcat 12113198 10.27 PM 248 6650 1.n 
Utile W ildcat 12114198 <1.27 M1 255 6800 760 
Little W ildcat 1211<1198 12:27 PM 260 6550 8.85 
utile Wildcat 51<1.'99 12:-45 PM 285 8 150 7.22 
Uttle Witdcat 514/99 2:15 PM 194 20 150 9 93 
Little Wildcat 5/4199 3:45PM 247 3<1.250 10.31 
Little W ildcat 51-4199 5:15 PM 269 14000 9.-41 
Little Wlldcal 51<1.'99 6:45 PM 272 8650 8.<15 
UttJe Wlldcat 51<1.'99 9:-45 PM 226 8<150 829 
LlttieWIIdcat 514199 11 15PM 22<1 8400 819 
LI1Ue Wildcat 515199 2:15AM 217 8150 8.05 
Utile W11dcat 515199 345AM 213 8100 7.93 
UttleW11dcat 515199 3 19PM 211 8300 722 
l..JttleWildcat 515199 5:15AM 222 8000 7.68 
Utile Wildcat 515199 3·52PM 219 7 950 8.88 
Little Wildcat 515199 6:52 PM 216 7900 786 
UttleWIIdcal 518199 1122 PM 208 7 850 7.59 
UttleWIIdcat 516199 3:52 AM 209 7 800 7 46 
6-15 
F.W 
Spring Debt ··· l~.me Sample Cl S04. k03~ PQ4.f> JIIH4-N TO¢ Allc.allnlty Col.lform /!. c:off E. c:off lllg 
Number mg/1.. mgll rngR. mgJl mgiL mg/L m!JIL ..s CaC03 cfuHOOml cful100mL canflrmed msJl, 
Stafford 2120197 443AM 97153<4 1285 14 29 4.51 0061 0175 2 01 150 <10 <10 10236 
Stafford 2120197 913AM 971533 1129 10.89 2.95 0950 0449 12 50 84 48000 49000 5.732 
StaffOfd '2120197 2·43 PM 971532 1015 11 02 397 0422 0 121 865 96 12800 9900 6 704 
Stafford '2120197 4"15 PM 971531 982 10 56 387 0322 0 114 8 23 100 9300 9300 7 321 
Stafford 2120197 6.00 PM 971609 967 1036 3.92 0 290 0 047 860 100 8700 8000 7 247 
Stafford 2120197 9:00PM 971810 819 996 3 55 0.620 0 260 11 12 98 14800 11300 6063 
Staff04"d 2120/97 11.00 PM 971611 6 98 7 97 2 74 0 922 0 414 1268 80 34000 36000 5172 
Stafford 2121/97 2:00AM 971612 643 759 329 0 574 0.213 10 50 82 18000 21000 5 359 
Staf'fOfd 2121/97 5:30AM 971613 619 7 45 3.69 0420 0104 9 24 82 22200 15000 5154 
Stafford 2121/97 10:00AM 971614 608 7 41 3.91 0247 0038 610 80 5500 8600 5021 
Stafford 2121/97 3:30PM 971615 630 736 4 18 0190 0014 507 88 6500 1800 48W 
Staf'fOfd 512197 11 50 AM 972085 10 22 12 27 4 16 0.079 <0009 058 178 350 220 9 731 
Slaf'fOfd 512197 1:50PM 972086 998 1199 4.23 0080 0029 on 162 1140 1140 9354 
Staf'fOfd 512197 3.50 PM 972087 882 957 4.62 0636 0138 7 87 126 34000 30000 6374 
Sla110fd 512197 650PM 972088 945 1025 4.79 0.580 003 697 132 36000 21000 8.677 
Staf'fOfd 512197 1050 PM 972089 974 10 99 4.56 0 398 <0009 2.51 138 29000 19000 7 241 
Stafford 513/97 9:50AM 972090 925 10 87 3.93 0 141 <0009 270 152 9500 8700 9 251 
Stafford 513197 4.20 PM 972105 9 23 10 56 3 78 0 131 <0009 2.42 150 6100 5600 + 10 310 
Staf'fOfd 513/97 7:50PM 972106 984 1066 3.73 0122 0.009 2.17 158 4000 4300 10.439 
Stafford 513/97 9:50PM 972107 914 1077 3 73 0121 0 010 211 152 4800 2900 9172 
Stafford 5/4/97 4:50AM 972108 898 11 00 3 85 0112 0050 190 160 2300 2100 9406 
Stafford 5/4/97 9·50AM 972109 900 11 14 391 0110 0082 1 59 156 1400 1080 6465 
Stafford 5/4197 3:03PM 972110 9 11 11 28 385 0110 0 010 0 53 160 970 730 9890 
Stafford 5/7/97 8.46AM 972123 1017 12 26 3.72 0.078 <0009 117 168 150 150 + 10450 
Staf'fOfd 8/12197 J·46PM 980378 1145 12.78 422 0109 0080 63<4 146 30000 24000 7301 
Staf'fOfd 8112197 716PM 980377 1159 12 58 4.21 0100 <0009 617 150 46000 21000 7 .622 
Sta1lol"d 8113197 1:46AM 980378 11 94 12.73 4 15 0.093 <0009 516 180 18000 27000 8.399 
Stafford 8113197 6·16AM 980379 12 33 12 82 429 0097 <0009 468 152 58000 32000 8024 
StatfOfd 8113197 1146AM 980380 1242 12 72 4 39 0100 <0009 444 172 29000 25000 8406 
StaffOfd 8113197 141 PM 980381 12.91 13 10 4 46 0096 <0009 3 91 156 38000 23000 8440 
Stafford 8113197 3:30PM 980417 12 75 12.93 4.52 0.107 O.D18 4 31 166 5000 4200 8 788 
Stafford 8/13/97 5:00PM 980418 1323 12.97 4.55 0.122 0 018 3 39 162 7200 5800 8812 
Stafford 8113/97 6·30 PM 980419 13 06 13 05 4 61 0109 0011 3 21 160 6300 4800 9 044 
Stafford 8113197 1130PM 980420 13 12 1330 477 0106 <0 009 3 12 160 3700 3700 9156 
Slatf()(d 8114197 730AM 980421 13 81 13 45 4.81 0105 0029 2 78 166 6400 2600 9253 
Stafford 8/14197 12.30 PM 980422 12 85 13 25 4 82 0110 0030 3 43 166 2300 2000 9082 
StatfOfd 114/98 1146AM 981660 937 7 87 3 12 0493 0 215 8 70 94 14000 9400 7 480 
Staf'fOfd 1/4/98 116PM 981661 10 3<4 922 2.74 1150 0549 1201 92 17000 10800 6 743 
Stafford 114/98 446PM 981662 969 8 59 2.92 0091 0328 1101 92 8900 8900 6 810 
Staf'fOfd 1/4/98 6.46PM 981663 1027 933 366 0640 0196 788 104 4400 4100 7 7(}; 
Statlord 115198 1.46AM 9818&1 an 8.33 4.63 0475 0126 7 97 94 2500 2200 8.1179 
Statlord 115/98 s ·46AM 981665 8 81 8.37 3.87 0.473 0055 688 82 5800 7300 5723 
Staf'fOfd 1/S/98 12:46 PM 981866 848 6.05 4 19 0370 0021 596 76 5500 5700 5109 
S1aflord 115/98 12:48 PM 981887 985 8.82 2.92 0487 0152 7 43 90 39000 37000 7.813 
Stafford 115/98 8:39PM 981664 8.80 608 4.42 0 215 0188 5 07 82 800 710 4.607 
Stafford 116198 12:39AM 981885 735 6.22 4.56 0.194 0260 434 64 900 960 4 133 
Stafford 1/6/98 3:39AM 981888 7 62 6.48 4.87 0185 0088 3 71 92 980 890 4 558 
Staf'fOfd 116198 12:39PM 981887 7 42 608 4.06 0412 0089 542 84 7500 7300 4 252 
Staf'fOfd 116198 4.25PM 981688 7 83 618 4.36 0279 0 325 538 90 3000 2500 4 375 
Stal!ord 12112198 358PM 991215 578 0125 150 
Stafford 12112198 659PM 991216 593 0 130 280 
Staflofd 12112198 11 "59PM 991217 63<4 0137 150 
Stafford 12113/98 159AM 991218 523 0156 860 
Stafford 12113198 2.59AM 991219 5.07 0298 38000 
Staf'fOfd 12113/98 359AM 991220 5.48 0383 71000 
Slafford 12113/98 459AM 991221 530 0390 40000 
Slaflofd 12113198 6:59AM 991222 5.81 0378 47000 
Slafford 12113/98 8 59 AM 991223 626 0 313 45000 
Stafford 12113198 10:59AM 991224 6.34 0 315 25000 
Stafford 12113198 1.59PM 991225 6.35 0 272 20000 
Stafford 12113198 6:20PM 991308 6.88 0 248 14500 
Stafford 12116/98 11:20PM 991309 6.77 0216 12600 
Staf'fOfd 12114/98 2.20AM 991310 677 0207 10800 
Staf'fOfd 12114/98 820AM 991311 886 0184 81000 
Starrord 12114/98 12:20PM 991312 6.88 0178 87000 
8-16 
Spring Oatlt Tlme Ca ... l< Se Zn Mo Fe co ~ Pb Cd Co Nl I pH 
mgll mgll ~ll mgJl mgll lnllll mgiL mg/L mgll mgJl mgiL mgll mg1l. j/l:. 
Stafford 2120197 443AM 65 403 5.301 2 373 7 37 
Slafford 2120197 913AM 35426 5 674 7 209 7 io7 
Stafford 2120197 243PM 45103 4 996 1 610 7 32 
Stafford 2120/97 415PM 43156 4 524 4594 7 32 
Stafford 2J20197 600PM 42.360 4 430 4 297 724 
Stafford 2120197 900PM 36467 4 565 6287 7 32 
Stafford 2120197 11 OOPM 31055 4 001 6 9-40 7 27 
Stafford 2121/97 200AM 33133 3.563 4 763 7 28 
Sta1Tord 2121197 530AM 33 974 3391 4 376 7 33 
Stafford 2121/97 1000 AM 35876 3355 3721 7 24 
Stafford 2121/97 330 PM 37 228 3159 2 832 728 
Stafford 512197 1150 AM 67 768 5086 2308 838 
51311ord 512197 150PM 69 071 4 972 2275 836 
Stafford 512197 350PM 56022 4 781 6134 836 
Stafford 512197 650PM 59.256 5540 5456 847 
Stafford 512197 1050 PM 61 318 5807 4 365 843 
Stafford 513197 950 AM 63 360 4 840 3010 8 49 
Stafford 513197 420PM 56829 4 743 2859 8 57 
Stafford 513197 7 50 PM 60.670 4 739 2.756 8 52 
Stafford 5/3197 950PM 60 257 4 779 2 810 8 53 
Starford 5/4/97 4 SOAM 61 350 4 936 21n 850 
Stafford 51iol97 950AM 62039 "'824 2 676 844 
Starford 514/97 303PM 64 519 5023 2743 856 
Stafford 517/97 846AM 65397 4922 2445 856 
Stafford 8112/97 346PM 61 844 4166 2 933 7 49 
Starford 8112/97 716 PM 62620 <4232 2999 0094 0074 0 0016 0021 0 011 0015 <0011 <0 001 0004 <0024 7.30 
Starford 8113197 148AM 62 565 4 306 2996 744 
Starford 8113197 618 AM 64806 4 304 2872 0 098 0066 0 0010 0 019 0 010 <0012 0.021 <0001 <0003 0 031 7.12 
Stafford 8113197 11 46AM 63636 4 .578 3033 0 087 0 018 0 0015 0020 0007 <0 012 <0 011 <0001 <0003 <0024 7 40 
Stafford 8113197 141 PM 65902 4 634 3019 707 
Stafford 8113197 330PM 67182 4 859 3130 0076 0020 <00006 0013 0007 <0 012 0.012 <0001 <0003 <0024 750 
Stafford 8113197 500PM 67 947 48n 3 307 7 io8 
Stafford 8113/97 630PM 68937 4 892 3 209 7 52 
Stafford 8113197 1130PM 70979 4 874 3157 0089 0037 <00006 0015 <0 006 <0 012 0022 <0 001 <0003 <0024 1<16 
Stafford 8114197 730 AM 71092 5 353 3 387 7 .38 
Stafford 8114/97 12 30 PM 71 563 5 197 3 331 7 40 
Starford 1/4198 11 46AM 45 298 4 242 7719 NA 
Stafford 1/4/98 116 PM 44998 4 .524 9760 NA 
Stafford 1/4198 446PM 46069 3907 7 751 NA 
Stafford 1/4198 646 PM 54302 "'168 5928 NA 
Stafford 1/5198 146AM 50.242 3427 5268 NA 
Stlflord 1/5198 648AM 43850 2686 4 831 NA 
Stafford 1/5198 1246PM 44 467 2A73 4 403 NA 
Stafford 1/5198 12 46 PM 54 447 4 089 6344 NA 
Stafford 1/5/98 839 PM 35292 2 843 5 047 NA 
Stafford 116/98 12.39AM 37.620 3 281 3 619 NA 
Stafford 116/98 339 AM 39.943 3 305 3 489 NA 
Stafford 1/6198 12 39 PM 36012 2994 4 452 NA 
Stafford 116/98 425PM 37 640 3 313 4 117 NA 
Stafford 12112198 356PM 7.96 
Stafford 12112/98 659PM 8 47 
Stafford 12112/98 1159 PM 8.32 
Stafford 12113198 159 AM 8 21 
Starford 12113/98 2.59 AM 7.91 
Stafford 12113/98 359 AM 7.98 
Stafford 12/13/98 4 59 AM 7.85 
Stafford 12/13/98 659 AM 7 79 
Stafford 12113198 859 AM 7.72 
Stafford 12113198 1059 AM 785 
Stafford 12113/98 159PM 7 89 
Stafford 12113/98 620 PM 7.63 
Stafford 12116/96 11 .20 PM 7 91 
Stafford 12114/98 220 AM 7.62 
Starford 12114/98 820 AM 7.79 
Stafford 12114/98 1220 PM 7 70 
B-17 
Spring Oate ttme SP Stage Temp. 
mSJcm tochos •c 
Stafford 2120197 4 43/WI 390 5 217 11 63 
Stafford 2120197 9 13/WI 260 20329 1094 
Stafford 2120197 243PM 288 13625 1209 
StaffOf"d 2120197 415PM 280 13096 12.54 
StaffOf"d 2120197 600PM 281 12 861 11 92 
StaffOf"d 2120197 9:00PM 259 17 330 12 32 
Stafford 2120197 11 00 PM 225 28 580 12 32 
StaffOf"d 2121197 2.00 !WI 231 23 562 11 74 
Stafford 2121/97 530/WI 229 18 035 11 fiT 
StaffOf"d 2121/97 I O:OOAM 236 16154 11 52 
StaffOf"d 2121/97 3.30 PM 245 14 546 11 34 
Stafford 5f2197 1150AM 406 5 217 13.52 
Stafford 512197 1:50PM 405 5452 13 92 
Stafford 512197 3 SOPM 329 7300 15.40 
Stafford 512197 650PM 348 6902 1369 
Stafford 512197 1o·so PM 361 1098 13 23 
Stafford 513197 9.50AM 373 7 059 13 34 
StaffOf"d 513197 4.20 PM 365 6 824 13 92 
StaffOf"d 5f3197 7:50PM 368 6 576 1340 
Stafford 513197 9.50 PM 370 6498 13 34 
Stafford 514197 4:50AM 373 6197 1312 
Stafford 5/4/97 950AM 380 6040 1329 
Stafford 5/4197 303PM 378 5922 14 37 
StalfOf"d 517197 8·46AM 404 5.099 1363 
StaffOf"d 8112197 3:46PM 351 4095 15.81 
StaffOf"d 8112197 7·16 PM 347 3878 15.81 
Stafford 8113197 1 46/WI 362 4226 1586 
Stafford 8113197 5·15AM 380 4 530 1586 
Stafford 8113197 1148/WI 383 4 813 1581 
StaffOf"d 8113197 141 PM 393 4 400 1598 
StaffOf"d 8113197 3·30 PM 401 4 269 1586 
Stafford 8113197 5·oo PM 409 4 226 1586 
Stafford 8/13/97 6·3oPM 408 4139 15.81 
Stafford 8113/97 1130 PM 415 4 269 15 75 
StaffOI"d 8114197 7·30AM 418 4 335 1569 
StaffOf"d 8114197 12·30PM 417 3596 15 86 
Stafford 114198 11 46 AM 190 40199 803 
Stafford 114/98 116PM 188 61463 7.92 
Stafford 114/98 4.46PM 207 35439 809 
Stat!Of"d 114/98 648PM 198 32.266 8.03 
Stafford 1/5198 146AM 170 50249 8.26 
Stafford 115198 646AM 188 41 998 834 
Stafford 115198 12 46 PM 198 27 558 860 
Stafford 115198 12:46 PM 198 26 8 61 
Stafford 115198 8.39PM 186 24 01 8 78 
Stafford 1/6198 I 2:39AM 191 229 812 
StalfOf"d 116/98 3.39/WI 196 2185 812 
Stat'loro 116/98 12.39 PM 186 2576 883 
Stat!Of"d 1/6198 425PM 192 2327 958 
Stafford 12112198 3.58PM 3n 15 498 11 23 
Stafford 12112198 6 59 PM 375 16 08 11 00 
Stafford 12112198 1H9PM 374 16 45 1100 
Stafford 12113/98 1:59AM 330 22057 9.12 
StaJTOf"d 12113198 2.59AM 296 28827 849 
Stafford 12113198 359AM 297 28986 8.66 
StalfOf"d 12113198 459AM 286 28668 8 72 
Stafford 12113198 6:59AM 299 20.298 8 89 
Stafford 12113198 859AM 321 28 192 9.06 
Stafford 12113198 10:59 !WI 323 27 399 9.36 
StaffOf"d 12113198 1.59PM 322 24 86 9.75 
StalfOf"d 12113198 6.20 PM 321 24 701 958 
Stafford 1211el98 1120 PM 316 25tn 980 
Stafford 12114198 2-20AM 315 25548 980 
Stafford 12114198 8:20AM 322 26024 975 
Stafford 12114/98 12:20 PM 320 24 12 10.09 
8-18 
Feeat 
~ring Oat& ~ $a(l'lple Cl S04 N03>H Po.-P NH4-N TOC Alkalinity Coliform E. coff E. coli Mg 
N!.rmber mgll mgJl mgJl mg/L mgll mgll mgiL-CaCOl ctu/100ml ctu/100mL confli'Jlled mg/L 
StaffOfd 514199 347PM 992580 14 13 12.30 3 52 0227 0076 706 130 16000 7 279 
StaffOfd 514199 6.47 PM 992581 12.36 1062 220 0 392 0160 10 46 118 27000 8 342 
StatfOfd 514199 817 PM 992582 972 966 210 0459 0 184 1259 106 23000 7 270 
StatfOfd 514/99 11·11 PM 992583 12 18 986 249 0423 0137 11 82 112 28000 6 857 
Stafford 514/99 2_17 AM 992584 14 73 1012 279 0384 0106 10 36 118 12000 7612 
Stafford 515199 347 AM 992585 14 47 10 19 2.89 0 357 0 081 9 76 120 11000 7 409 
Stafford 515199 5.17 AM 992586 14 12 10 29 299 0328 0068 9 14 126 11300 7 500 
Stafford 515199 647 AM 992587 1381 10 27 306 0 299 0061 840 128 9000 8339 
Stafford 515199 817AM 992588 1<1 111 10 27 312 0272 0060 8 78 128 9<100 7784 
StatTord 515199 10:53AM 992589 1347 1061 3.21 0238 0034 7 95 132 7800 8 201 
StatTord 515199 12 24 PM 992692 1316 1019 3.23 0221 0026 69<1 70 sooo NA 
StatTOfd 515199 <I 5<4 PM 992693 1333 1033 3.31 0190 0025 6 38 74 2500 NA 
StatfOfd 515199 7 5<4 PM 99269<1 1308 1025 3.40 0176 0025 556 78 1800 NA 
StatfOfd 515199 105<4 PM 992695 1265 1022 348 0165 0027 589 140 2800 8220 
StatTord 516199 4.54AM 992696 1282 10 37 360 0146 0033 4 48 146 1300 8288 
8-19 
Spring Date Tlmo Ca ~ f< $e Zn Mn Fe Cu Its Pb Cd Co HI ' pH 
mglL mgll mgll rngJl mgll mglL mgiL mgll mgll mg.tl mgll mgll mgll pt. 
Stafford 5/4199 3 47 PM 50.961 5925 4 935 7.3-4 
Stafford 5/4199 647 PM 42584 5 705 6 477 7.33 
Stafford 5/4199 817 PM 38 115 5 409 6 3-46 73 
Stafford 5/4/99 11 ' 17PM 40052 5940 5 361 726 
Stafford 514199 2 17 tw. 44051 6 745 5315 746 
Stafford 515199 3 47 tw. 43 780 6 788 41736 7 53 
Stafford 515199 5 17 tw. 44 384 66&4 41826 7 52 
Stafford 5/5199 6 47 tW. 49054 6453 4 785 7.56 
Stafford 515199 817 tW. 47.203 6.325 4 373 7 92 
Stafford 515199 10 53 tw. 49 546 6093 41292 771 
Stafford 5/5199 12.241 PM NA NA NA 757 
Stafford 5/5199 4 54 PM NA NA NA 7.98 
Stafford 515199 7 54 PM NA NA NA 7.96 
Stafford 5/5199 10 54 PM 49214 5749 3906 796 
Statfo(d 516199 4 54 tw. 51775 5 810 3 927 7.83 
8-20 
Spring Oat& Tlme SP Stag II Ternp. 
mstcm 4oches •c 
Stafford 514199 347 PM 360 7.511 11 86 
Stafford 514199 647 PM 323 12 06 12 55 
Stafford 514199 817 PM 296 10103 12 55 
StatfOfd 514199 1117 PM 307 9256 1203 
StatfOfd 514199 217 AM 330 10314 1163 
Stafford 515199 347 AM 336 11 108 1167 
Stafford 515199 517 AM 340 11 848 12.02 
Stafford 515199 647 AM 344 12 536 1112 
Stafford 515199 817AM 346 12 7472 1106 
Stafford 515199 10 53 AM 350 11 61 11 11 
Starford 5/5199 12 24 PM 353 9 098 12 01 
Stafford 515199 454 PM 359 6136 12 72 
StaffOfd 515199 7 54 PM 361 9 521 11 80 
Staff<Jfd 515199 10 54 PM 363 12 8 1123 


































































Oat• Tlme Sample Cl S04 NO:!~ PQ4..P l-IH4-N TOC Alkalinity 
Kumber mgll mgll mgJL mgll mg/L mgll mgJL as CaC03 
12/17195 4 00 PM 
12/17/95 8 45 PM 
12118195 1 45 AM 
12118195 645AM 
12118195 1 45 PM 
12118195 5 45 PM 
12119195 12 45 AM 
12119195 1145AM 
4122196 10 00 AM 
4f22196 3·00 PM 
4f23196 5 00 AM 
4123196 I 0 00 AM 
4123196 12 03 PM 
4f23196 6. 33 PM 
4124196 3 33 AM 
4f24196 8 33 AM 
2120197 1 09 AM 
2120197 5 09 AM 
2120/97 10 09 AM 
2120197 3 15 PM 
2120197 5 02 PM 
2120197 6 32 PM 
2120197 8 32 PM 
2120197 10 32 PM 
2121197 1 32 AM 
2121197 3 04 AM 
2121197 5 32 AM 

























8/12197 10 24 PM 
8/13197 2 24 AM 
8/13197 7 24 AM 
8/13197 11 32 AM 
8/13197 3 45 PM 
8/13197 4 45 PM 
8/13197 8 15 PM 
8/13197 10 15 PM 
8/14197 115AM 
8/14197 5 15 AM 
8/14197 10 15 AM 

































































5 18 PM 9a1653 
6 48 PM 981654 
10 1a PM 981655 
3 18 AM 981656 


























































































































1161 6 11 
10 66 6 51 
928 66-4 
9 95 6 18 
960 602 
9 85 5 69 
9 17 5 53 
9 94 5 76 































































































































































































<0 009 0 66 
<0 009 0.64 
<0 009 070 
<0009 0.52 
<0009 0.65 

























0 015 4.46 
0 030 4.50 






<0 009 3.28 
<0 009 3.67 
<0.009 3.83 


































































Coliform E. coli E.. cot( 






























































































































































































Sluing Oet. Ttme Ca Na K Se Zn Mn F~ Cu As Pb Cd Co t-Il ' pH mgll mg/L mgll mgiL mg/L mg/L mgll mg/L mgll.. mgll mg/L mgll.. mg/L }/L 
lanyard 12/17/95 4 OOPM 3112 7000 0 707 00017 0 0324 0 0014 00034 0001 0 0011 00007 00021 7 52 
lanyard 12/17195 845PM 3132 7020 0 734 00005 0 0061 0001 <0003 <00014 <0003 00009 0001 7 49 
lanyard 12/18195 145AM 3017 6 700 0689 00021 00025 00007 <0003 <00014 <0003 00008 00012 778 
Tanyard 12/18195 6:45AM 3021 6 580 0672 00021 00022 0.001 <0003 <0 0014 <0003 00008 <00009 760 
Tanyard 12/18195 1·45 PM 31 53 6690 0686 0 0021 0 0028 0.0015 <0 003 <00014 <0003 00013 <0 0005 0 0015 7 59 
Tanyard 12/18/95 5:45PM 28 82 6150 0966 00014 00032 0 0021 0.0084 <0.0014 <0003 00015 <0 0005 00013 7 55 
Tanyard 12119195 1245AM 3135 7 200 1083 00027 00068 00037 00497 <0 0014 <0003 00014 <00005 00015 744 
Tanyard 12/19195 1145AM 3160 755 1021 00009 00107 00026 00426 00041 00016 00018 00012 00023 7 47 
Tanyard 412.2196 1000AM 3216 809 165 <0004 <00002 00088 00058 <00014 <0003 <0003 <00006 00012 00017 680 
lanyard 4122196 300 PM 2809 754 2.314 <0004 <00002 0 0155 0.0205 <0 0014 <0003 <0003 <0.0006 00029 00028 691 
Tanyard 4123196 500AM 26 31 7 55 2 43 <0004 <00002 0.0194 0 016 <00014 <0003 <0003 <00006 00039 0.0031 669 
Tanyard 4123196 !O:OOAM 265 7.75 2 322 <0.004 <0 0002 0 0189 0 0133 <0 0014 <0003 <0 003 <0.0006 00040 0.0025 6.82 
Tanyard .n3196 12.03 PM 2600 7.29 2 197 <0004 0 0015 0.0164 00033 00021 <0003 <0 003 <00006 00033 00038 • 6.53 
lanyard .r23196 633PM 264 786 1936 <0.004 00012 0 0149 00014 00018 <0003 <0003 <00006 00033 00032 666 
Tanyard 4124196 333AM 26 59 7 45 1601 <0004 00002 0.0127 00022 0 001 00037 <0 003 <00006 0003 00036 I 675 
Tanyard .n4196 8.33AM 27 91 7.31 1471 <0004 00018 0 0114 00015 00003 <0003 <0003 <00006 00025 0 0039 ' 6 70 
Tanyard 2120197 1 09AM 34 969 6 528 0625 656 
Tanyard 2120197 509AM 30906 5646 1155 657 
Tanyard 2120197 10:09AM 36398 6.936 0 812 6 47 
lanyard 2120197 315PM 35 094 7 245 0941 641 
Tanyard 2120197 502PM 32 167 7 547 1024 an 
Tanyard 2120197 632PM 31928 8501 0975 670 
lanyard 2120197 a·32PM 30 914 7.337 1151 6 55 
Tanyard 2120197 10.32PM 27 875 5 748 1905 673 
lanyard 2121197 132AM 28.403 6.572 2183 850 
Tanyard 2121/97 3.04AM 29184 7 379 1 802 6 33 
lanyard 2121197 5·32AM 29135 6851 2 121 644 
Tanyard 2121/97 1032AM 28975 7036 1 901 637 
lanyard 512197 145PM 32802 6.590 0 567 7 39 
Tanyard 512197 345PM 32 544 6 753 0 580 7 28 
lanyard 512/97 6"45 PM 33 331 6.612 0591 7.38 
lanyard 512197 1015 PM 32 285 6 708 0 559 7 42 
lanyard 513197 245AM 33079 6841 0 586 7 28 
lanyard 513197 815AM 31420 6589 0579 7 36 
Tanyard 513197 335PM 32782 6 701 0 565 806 
Tanyard 513197 6.35PM 34404 6665 0555 813 
Tanyard 513197 5·35 PM 33902 64n 0 551 808 
lanyard 5/4197 7.35 AM 33 714 6 555 0537 8 15 
lanyard 514197 1:05PM 33478 6 730 0 572 815 
lanyard 514197 2.25 PM 33 782 6 934 0 574 8 15 
lanyard 8112197 10·24 PM 33258 6744 0530 0040 0187 00010 0.007 0009 <0012 0 018 <0001 <0003 <0024 678 
lanyard 8113197 2.24AM 31212 6.527 0559 673 
lanyard 8113197 724AM 33136 6398 0498 0024 0022 00008 0007 <0006 0.015 0.019 <0001 0006 <0024 6 74 
lanyard 8113197 11 32AM 33 209 6536 0528 0.061 otn 0 0012 0 003 <0.006 <0 012 <0011 <0 001 0003 <0 024 673 
lanyard 8/13197 3:45PM 34 441 8.680 0 538 693 
Tanyard 8113197 4.45 PM 35879 6946 0 599 647 
lanyard 8113197 8:15PM 34 039 7 139 0 561 0044 0016 <00006 0004 <0006 <0012 <0 011 <0 001 <0003 <0024 6 74 
lanyard 8113197 10 15PM 31 596 6659 0545 0.033 0083 00006 <0003 0008 <0012 <0 011 <0001 <0003 <0024 6 74 
lanyard 8114197 115AM 323n 6.563 0531 6 70 
lanyard 8114/97 5.15AM 32 353 6584 0570 669 
lanyard 8/14197 10 15AM 31499 6 510 0684 669 
lanyard 8/14/97 115PM 32 871 ssn 0 581 668 
lanyard 114198 5.18PM 35 758 8 769 1 328 NA 
Tanyard 114/98 6·48 PM 31579 8984 1585 NA 
Tanyard 1/4198 1018 PM 33848 8421 2079 NA 
Tanyard 115198 3:18AM 31 245 8 513 1800 NA 
lanyard 115198 718AM 29858 7801 2223 NA 
lanyard 115198 1218PM 29 379 7 487 1969 NA 
Tanyard 115198 5.19 PM 29071 7.574 1 715 NA 
Tanyard 115198 7:49PM 29 511 7 802 1657 NA 
Tanyard 116198 1.19AM 29411 7 509 1523 NA 
Tanyard 1/8198 819AM 29291 7 412 1654 NA 
Tanyard 116198 119 PM 28969 7 469 1827 NA 
lanyard 1/8198 508 PM 29144 7632 1n3 NA 
8-23 
Spring DatJl Time Sf> S1age Temp. 
mSicm ioches "C 
Tanyard 12/17195 400PM 199 8145 11 94 
Tanyard 12/17/95 845PM 197 8145 1223 
Tanyard 12/18/95 145AM 197 8145 1223 
Tanyard 12/18/95 645AM 197 8145 1223 
lanyard 12/18195 145PM 197 8 145 1240 
Tanyard 12/18/95 545 PM 180 8 145 12 06 
Tanyard 12/19/95 12.45 AM 222 8 323 11 43 
lanyard 12/19/95 11 '4SAM 214 8367 1217 
lanyard 4122/96 1000AM 253 8 811 1234 
lanyard 4122/96 300PM 238 9on 12.29 
lanyard 4123/96 500AM 231 9343 11n 
lanyard 4123196 10-00AM 236 9 343 11n 
lanyard 4123196 12:03 PM 236 9.400 11 88 
lanyard 4123196 633 PM 232 9.430 12 11 
lanyard 4124/96 333AM 225 9.340 11 n 
lanyard 4124/96 8.33AM 225 9200 1188 
lanyard 2120197 1.09AM 205 9.157 1288 
lanyard 2120197 5.09AM 181 9462 13 11 
lanyard 2/20197 10.09AM 219 9 360 13 11 
lanyard 2120197 315PM 222 10228 13 34 
lanyard 2120197 502PM 220 10 175 1328 
lanyard 2120197 632PM 217 10073 1328 
lanyard 2120197 832 PM 209 9 71 7 13 34 
lanyard 2120197 10 32 PM 194 10.888 13 22 
lanyard 2121/97 1·32AM 206 10 837 13 11 
lanyard 2121/97 3:04AM 222 11.245 12.93 
lanyard 2121/97 5:32AM 215 10735 12 88 
lanyard 2121197 1032AM 217 11.245 1276 
lanyard 512197 145 PM 198 9 717 12 36 
lanyard 512197 345PM 198 9666 12 30 
lanyard 512197 645PM 198 9 971 12 25 
lanyard 512197 10 15 PM 198 10 073 12 25 
Tanyard 513197 2.45AM 197 10073 1208 
lanyard 513197 815AM 197 10 073 1230 
lanyard 513197 335PM 199 9971 1236 
lanyard 513197 6 .35PM 199 10043 1122 
lanyard 513197 835PM 198 10073 1168 
lanyard 5/4/97 7 35AM 199 10 098 11 62 
lanyard 5/4197 1 05PM 199 9768 1236 
lanyard 5/4197 225PM 199 9584 12 42 
lanyard 8112197 102-4 PM 11)5 9 172 1-4 64 
lanyard 8113197 2-2-4AM 1~ 9 218 1-4 64 
lanyard 8113197 7:2-4AM 1~ 9.265 1-4 59 
lanyard 8113197 11 '32AM 197 9 078 14 99 
lanyard 8/13197 3.45PM 201 8 891 14 65 
lanyard 8113197 445PM 200 8 .931 14 76 
lanyard 8113197 815PM 197 8937 14 53 
lanyard 8/13197 10 15 PM 197 9078 14 53 
lanyard 8114197 1 15AM 197 884-4 14 64 
lanyard 8/14/97 515AM 203 8 891 14164 
lanyard 8/141/97 10 15AM 198 9312 14181 
Tanyard 8/14/97 115PM 198 8884 1527 
Tanyard 1/4198 518PM 243 9593 1304 
lanyard 1/4/98 6A8PM 255 9780 13 04 
lanyard 1/4198 10 18PM 241 9870 13 50 
lanyard 115198 318AM 207 10060 13 56 
lanyard 1/5198 718AM 226 10250 13 67 
lanyard 1/5198 12.18 PM 224 10 250 13 90 
Tanyard 1/5198 519 PM 219 10300 1344 
Tanyard 1/5198 7419 PM 216 10060 1350 
lanyard 1/6198 119AM 21<4 9890 13 50 
lanyard 116198 8.19 AM 208 9690 13 67 
Tanyard 116198 119 PM 212 9780 14 13 


































12/12198 5 34 PM 991227 
12/12198 8·34 PM 991228 
12/12198 10 34 PM 991229 
12/12198 11 34 PM 991230 
12/13198 12 34 AM 991231 
12/13198 1 34 AM 991232 
12/13198 2 34 AM 991233 
12/13198 3 34 AM 991234 
12/13198 4 34 AM 991235 
12/13198 6.34 AM 991238 
12/13198 9·34 AM 991237 
12/13198 1:34 PM 991238 
12/13198 7 30 PM 991313 
12J13Jg8 10·30 PM 991314 
12/14198 12 30 AM 991315 
12/14198 630AM 991316 
















2:17 PM 992723 
5.17 PM 992724 
6.17 PM 992725 
8 17 PM 992726 
12 17 AM 992727 
3 17 AM 992728 
5 17 AM 992729 
6 17 AM 992730 
9 53 AM 992731 
2.16 PM 992685 
5.16 PM 992686 
8 16 PM 992687 
12.-46 AM 992688 
2 16 AM 992689 












































































































































































~HHWHH - lll~ :,,.}f; 
:::·.· :·· ·n: ·:~r :~;~. .. ::firM :::.:·;, :. :· 
s.mnli ::: Jlet. (;a _ ..,. K ·s:e·:·: ·z,.. co "- -:_::_~ ¢It Co HI .. '~ . ... •:•· 
. :,, !"gil. :::'~ m.vil'\~~ :-··· 81gtl mgll 81gll .. : mg1L.:. ·111!)1l. mg/L mgil. :::"mBIL :iif:;;.i;· 
Tanyard 12112198 5.34 PM 7 ~7 
Tanyard 12112198 8.34 PM 7.85 
Tanyard 12112198 10.34 PM 786 
Tanyard 12112198 1134PM 734 
Tanyard 12113198 1234AM 780 
Tanyard 12113198 134AM 7.79 
Tanyard 12113198 234AM 791 
Tanyard 12113198 334AM 7.84 
Tanyard 12113198 o434AM 789 
Tanyard 12113198 534AM 7 93 
Tanyard 12113198 934AM 7.91 
Tanyard 12113198 1.34 PM 775 
Tanyard 12113198 730PM 718 
Tanyard 12113198 1030 PM 784 
Tanyard 12114198 12.30AM 734 
Tanyard 12114198 630AM 7-43 
Tanyard 1211-4196 230PM 753 
Tanyard 51~199 2.17 PM 33.711 8.916 0.608 6.99 
Tanyard 51~ 517 PM 32.571 6.933 0.788 6.93 
Tanyard 514199 617 PM 35.-436 6.790 0736 6.83 
Tanyard 5/4199 817PM 30.762 6.987 0~8 89-4 
Tanyard 515199 1217AM 28 914 7 035 0952 705 
Tanyard 515199 317AM 33.018 8.883 0922 883 
Tanyard 515199 517AM 30.976 6.9-49 0982 890 
Tanyard 515199 817AM 29.667 6.886 09-40 893 
Tanyard 515199 9.53AM 29036 6960 0.939 708 
Tanyard 515199 218PM NA NA NA 895 
Tanyard 515199 5:16PM NA NA NA 8.7-4 
Tanyard 515199 8.16 PM NA NA NA 881 
Tanyard 516199 12 o46 AM NA NA NA en 
Tanyard 516199 216AM NA NA NA 684 
Tanyard 516199 3-46 AM NA NA NA 674 
B-26 
'•>. iime T~( Spring D8bt 
' 
~ Stagtt 
: /dWH ;::: : : :: ~ ~ ~ ~ : ':: mS/cm Anch~ 
Tanyard 12112198 5.34 PM 184 1865 9.45 
Tanyard 12112.198 8·34 PM 203 1985 9.58 
Tanyard 12112198 10:34 PM 207 1985 988 
Tanyard 12112.198 1134 PM 211 1.985 10 11 
Tanyard 12113198 12:34 AM 211 2.005 10.31 
Tanyard 12113198 1:34 AM 212 2.052 10.<42 
Tanyard 12113198 2:34 AM 211 2052 1047 
Tanyard 12113198 3:34 AM 211 2.052 1045 
Tanyard 12113198 <4:34 AM 210 2.052 1050 
Tanyard 12113198 5:34 AM 209 2.052 10.83 
Tanyard 12113198 9:34AM 206 2.052 9.90 
Tanyard 12113198 1·34 PM 202 2.052 9.99 
Tanyard 12113198 7:30 PM 201 2.005 9.89 
Tanyard 12113198 10.30 PM 201 1.911 10.21 
Tanyard 1211<4/98 12:30 AM 199 1 911 10.31 
Tanyard 1211<4198 6:30 AM 197 1 911 10.07 
Tanyard 1211<1198 2:30 PM 197 1911 9.88 
Tanyard 514199 2:17 PM 220 NA NA 
Tanyard 514199 5:17 PM 215 NA NA 
Tanyard 5/4199 6;17 PM 222 NA NA 
Tanyard 514199 8·17 PM 221 NA NA 
Tanyard 515199 12.17 AM 220 NA NA 
Tanyard 515199 3.17 AM 222 NA NA 
Tanyard 515199 5·17 AM 219 NA NA 
Tanyard 515199 6:17 AM 219 NA NA 
Tanyard 515199 9:53 AM 219 NA NA 
Tanyard 515199 2:16 PM 221 NA NA 
Tanyard 515199 5:16 PM 221 NA NA 
Tanyard 515199 8:16 PM 221 NA NA 
Tanyard 518199 12.46 AM 22<4 NA NA 
Tanyard 518199 2:16AM 222 NA NA 
Tanyard 518199 346AM 222 NA NA 
8-27 
Oat. ~m~~:~- ~}.Saml!le Cl ~ •· ~~ ;,~  N~ t {)C • :;~~~~m~L. :: ~!'::'rm £.colt 'It' HH~HH~~ 


































































































































































































0 12 0 07 
0 13 0 05 
023 003 
010 0 01 
9 74 0 .09 
1086 1072 















































































<0.01 0 008 
0.02 0 005 
O.Q1 0 015 
0 .02 0 004 

































































































































































































































































































































: ~=:. ~ 
}.II <· pH Spring Dllf!t i1me ~ Ha 1( se ·= Zn Mrl Fe Cu ... As ·''= pt, Cd Co .:: : :::· 
RJ9lL mgit. mg/L rogll mgll mglL mgtl. mg!L . mgiL mgA. mg/L mgit. rniJ'IL liL 
GRAB SAMPLES 
6{1195 19010 3 283 2 511 FCilledOC 0.0054 00022 0007 00016 <0.003 Fatted ac <0.0005 <0.0009• 6 60 
Braly 618195 56460 2.602 0466 FatledOC 00071 00006 0004 <0.0014 <0003 Fatted ac <0.0005 <0 00091 6 95 
6/13195 41.310 35 370 1 420 Fa~edOC 0.0147 2 0520 20.580 <0.0014 0003 Fatted QC 0.0038 0.0061 I 6 .36 
6/13195 7 790 6460 0 397 Failed OC 0.0298 0 0221 0.052 <0.0014 <0.003 Failed QC 0.0005 0.0033 I 5 .51 
6/13195 4.476 3.555 0 530 FailedQC oa.n 0 0109 0.058 00019 <0.003 Failed QC 0.0006 0.0018' 5.70 
6/13195 79300 5180 1 727 Failed ac 00155 00009 0.038 <0.0014 <0003 <00006 <0.0005 0.0014 ' 682 
6/14195 15.790 2.027 1029 Failed ac 00060 00005 0.012 <0 0014 <0003 <00006 <0.0005 0.0013 ' 6 82 
6/14/95 26.730 2.590 1 762 Failed ac 0.0319 0.0007 0064 <0.0014 <0003 <00006 <0.0005 <0.0009• 7 09 
UtUeWIIdcat 6115/95 32.940 5060 2684 FailedQC 00202 00023 0.006 <0.0014 <0003 <00006 <0.0005 0 0045 ' 8 .50 
6/15195 36.420 5460 3460 Failed ac 00222 00007 0.011 <0.0014 <0003 <00006 <0.0005 0.0013 I 6 .75 
6/15/95 111560 2493 1166 FailedQC 00228 <0 0001 0.008 <00014 <0003 <00006 <0.0005 0.0117 . 6.62 
6/15/95 17300 8200 1686 FCilledQC 00340 00022 0.012 <00014 <0003 <00006 <0 0005 0.0041 I 6 .74 
6121/95 76.800 1 6110 0559 Failed QC 00273 <0 0001 0.015 <00014 <0003 <00006 <00005 00040 . 684 
6121195 61000 12 7110 1066 FailedQC 00173 00004 0018 <0.0014 <0.003 <00006 <00005 0.0034 I 664 
6121195 83800 3353 1 173 FailedQC 00145 00026 0038 00039 0.005 00008 00041 0.0038 708 
Tanyard 6121195 28.1100 8.570 0 571 FailedQC 00123 00028 0.015 0.0028 0005 00008 0.0044 0.0043 6 .38 
6121195 27.000 10 450 0729 Failed ac 0.0199 0.0056 0.018 00029 0.006 0.0010 0.0051 0.0055 623 
Decatur 6121195 38.590 3900 2155 FailedQC 0.0191 00029 0.022 00048 0.006 00010 0.0044 0.0052 7 13 
6121/95 20.690 3 819 1159 Failed ac 00088 0.0028 0012 0.0040 0.006 0.0018 0.0044 0.0047 645 
6121/95 7.000 0 747 0405 FailedQC 0.0541 00330 0.024 0 0292 0.015 0 0013 0.0043 0.0818 8 51 
Stafford 3127196 46.74 4 25 2.83 <0.004 00648 0 0018 0.006 00033 <0.003 <0003 <0 0006 <0.0005 0.002 ' 6 92 
3127/96 3648 2456 1 214 <0.004 00021 00008 <0003 <0.0014 <0.003 <0003 <00006 <O ooos <0.0009 • 6 n 
3127196 4281 2471 1 765 <0.004 <00002 00008 <0003 <0 0014 <0003 <0003 <00006 <0.0005 <0.0009• 6 95 
3127/96 4721 2 888 1 318 <0.004 <00002 00006 0002 <0.0014 <0003 <0003 <00006 <0.0005 <0.00091 7 10 
Tanyard 1/6197 2:25PM 32.448 6 796 0700 616 
Stafford 1/6197 3:30PM 74 112 6679 2 410 7,76 
Braly lfl/97 2.30 PM 58994 2448 0.394 1.n 
Decatur lfl/97 4:20PM 47025 4309 1 454 7.29 
LrttJe Wtldcat 118197 10:20AM 48 414 7661 1 493 7 13 
Blank 6/15/95 0021 0 011 <0070 FailedQC 0 0355 00009 0 011 0.0347 0025 <00006 <00005 0.2665 003 
Blank 2122197 0.213 0000 0.000 
Blank 513197 0.023 0000 0000 
Blank 6/16197 0.071 0071 0002 
Blank 8113197 0.005 5934 0000 01 Filters In lab needed Changing 
Blank 115198 19443 19901 4 176 01 Rlters m lab needed Changtng 
Blank 4/28198 
Blank 12/13198 
Blank 0014 0000 0005 
Dup953107 6/13195 n1100 5080 1893 Failed ac 00057 00006 0007 <0 0014 <0003 <00006 <00005 0 0016 . 6 82 
Oup-Oeca1ur 6121/95 13360 3 814 0134 Failed QC 00116 00026 0 013 00033 0005 00009 0.0042 0.0044 7 13 
Ouplt<:n 4125196 4105 4 434 2.095 <0.004 00053 <0001 00038 0.0014 <0003 <0003 <00006 <0.0005 <0009 005 
Duplicate 2120197 66.508 5450 2482 
Dupfteate 513197 69686 5054 2284 
Duplicate 6/14/97 32942 8108 0.738 
Duplicate LW 6/16197 48.488 8150 1.322 
Duplicate LW 8/18197 40.872 6 613 2.231 
Dupltcate SF 1/6198 37640 3 313 4.117 NA 
Dup-Decatur 4/28198 
Duplicate LW 12/13198 
DupliCate Tan 116199 
8-29 
.:~~j: ::. 1"~. Sf1ring _.;. t>at. :~ ~pi 
·:·:~::::~~: m'$18n Jnchn PC 
GRAB SAMPLES 
6f7195 150 16.90 
Braly 618195 327 15.20 
6/13195 74 15.50 
6113195 90 14 40 
6113195 53 14.30 
6/13195 448 1610 
6/14195 106 13.80 
6/14195 180 15.60 
Utue Wildcat 6/15195 213 15.00 
6115195 223 14.90 
6/15195 122 14.60 
6/15195 137 17.00 
6121195 400 14.20 
6121195 408 15.10 
6121195 481 13.30 
Tanyard 6121195 200 14.10 
6121195 223 15.60 
Decatur 6121195 242 18.90 
6121195 147 14 90 
6121195 154 18.20 
Stafford 3127196 309 11 .3 
3127196 202 14 2 
3127196 248 12 8 
3127196 266 12.2 
Tanyard 1/6197 225PM 206 1)055 13 50 
Stafford 1/6197 330PM 439 4707 12.78 
Braly 1f7197 2.30 PM 320 3.065 14 78 
Decatur 1f7197 420PM 258 4.231) 10.89 










Dop953107 6/13195 448 1810 





DupliCate LW 6116197 
Oupl1cate LW 8118197 
Doplieale SF 116198 192 23.27 
Dop-Oecatur 4128198 
DupliCate LW 12113198 
DupliCate Tan 1/6199 
Appendix C 
Soil Spreadsheet 




MaQ S~mbol Series Name Texture DeQth to Penneabilitv 
Bedrock (ln/hr) 
FaC2 Fayetteville Fine sandy loam/Sandy 72" 0.63 - 6.3 
clay loam 
Fa02 Fayetteville Fine sandy loam 48"-84" 0.63-6.3 
Le Leaf Silty clay loam/Silty clay 72"+ <0.2- 0.63 
HmC Hector- Gravelly fine sandy 15"-18" 0 63-6.3 
Mountainberg loam 
HoF Hector- Stony fine sandy loam 15"-18" 0.63 - 2.0 
Mountainberg 
CaC2 Captina Silt loam/Silty clay loam 54"-60" < 0.2 - 2.0 
CaB " " " .. 
Jo Johnsburg Silt loam >72" 0.2 - 2.0 
HmD Hector Gravelly fine sandy 15"-18" 0.63 - 6.3 
loam/gravelly loam 
L Wildcat Spring 
CaB Captina Silt loam 36"-60" < 0.2-2.0 
CaC2 Captina Silt loam 30"-60" 0.2 - 2.0 
NaC Nixa Cherty silt loam 32"-40" < 0.2-2.0 
BaF Baxter Cherty silt loam 36"-72" < 0.2- 2.0 
Rg Razort Gravelly silt loam 60"-144" 0.63 - 2.0 
NaD Nix a Cherty silt loam 32"-40" <0.2- 2.0 
BaE Baxter Cherty silt loam/Cherty 36"-72" 0.63-6.3 
silty clay loam 
ToA Taloka Silt loam 60"-120" < 0.2 - 0.63 
GuC Guin Cherty silt loam 52"-60" 0.63-2.0 
PsC2 Pickwick Silt loam/Silty clay loam 64" 0.63 - 2.0 
JoA Johnsberg Silt loam >72" < 0.2 - 2.0 
Rk Razort Loam 60"-144" 0.63 - 2.0 
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Benton County 
Ma~ S~mbol Series Name Texture De~th to Permeability ln/hr 
Bedrock 
Decatur Spring 
NfC Nixa Cherty silt loam 40"-60" < 0.6 - 2.0 
NfD Nixa Cherty silt loam 40"-60" <0.6 - 2.0 
CvF Clarksville Cherty silt loam 20"-30" 2.0 - 6.0 
Eg Elsah Cherty silt loam >60" 2.0 - 6.0 
wee Waben Cherty silt loam >60" 2.0 - 6.0 
NoF No ark Cherty silt loam/clay loam >60" 0.6 - 2.0 
NoD Noark Cherty silt loam/clay loam >60" 0.6 - 2.0 
BtC Britwater Gravelly silt loam/silty >72, 0.6-2.0 
clay 
PeB Peridge Silty clay loam >60" 0.6 - 2.0 
TsC Tonti Cherty silty clay loam 40"-60" 0.6 - 2.0 
Pee Peridge Silty clay loam >60" 0 6 - 2.0 
WeD Waben Cherty silty loam >60" 2.0 - 6.0 
Carroll County 
Tanyard Spring 
16 Linker Clay loam/loam 20"-40" 0.6-2.0 
23 Mountainberg Stony fine sandy loam 12"-20, 2.0 - 6.0 
Stafford Spring 
Cane Silt loam/clay loam 72" 0.06-2.0 
Linker Loam, clay loam/clay 29" 0.6-2.0 
loam 
4 Arkana Cherty silt loam 38" <0.06-2.0 
3 Arkana Cherty silt loam 38" <0.06-2.0 
8 Captina Silt loam/silty clay loam 72" 0.6-2.0 
1 Ark ana Cherty silt loam 38" <0.06-2.0 
11 Elsah Cherty silt loam 72" 2.0-6.0 
18 Mountainburg Stony fn sndy loam\stony 29" 2.0-6.0 
sndy clio 





MaR S~mbol Series Name Texture DeRth to Permeability ln/hr 
Bedrock 
2 Arkana Cherty silt loam/clay 38" <0.06-2.0 
25 Nixa Cherty silt loam/cherty 72" <0.06-2.0 
silty clay 
10 Clarksville Cherty silt loam/cherty 68"+ 2.0-6.0 
silty clay 
26 Nixa Cherty silt loam/cherty 72" <0.06-2.0 
silty clay 
33 Razort Loam/clay loam/gravelly 72" 0.6-6.0 
loam 
19 Mayes Silt loam/clay 60" <0.06-2.0 
27 Noark Cherty silt loam/cherty 72"+ 0.6-2.0 
silty clay 
5 Britwater gr silt loam/slty cl loam/gr 80"+ 0.6-2.0 
slty clio 
17 Linker St fn sndy loam/loam-cl 29" 0.6-2.0 
loam/clio 
31 Portia lo/slt lo/sndy cl lo/cl lo/gr 64"+ 0.2-2.0 
clloam 




Arkansas Non-Point Source PoUution 
Management Program 
Best Management Practices Including Karstic BMP's 
Anaerobic Digestion of Liquid Waste 
Approved Dead Animal Burial 
Brush Management (314) 
Chiseling and Subsoiling (324) 
Commercial Dead Animal Disposal Services 
Commercial Fish Ponds (397) 
Composting Facility (312A) 
Conservation Cover (327) 
Conservation Cropping Sequence (328) 
Conservation Tillage System (329) 
Constructed Wetlands 
Contour Farming (330) 
Contour Orchard and Other Fruit (331) 
Cover and Green Manure Crop (340) 
Critical Area Planting (342) 
Crop Residue Use (344) 
Cross Slope Farming (330-A) 
Dead Poultry Composting Facility (312A) 
Deferred Grazing (352) 
Dike (356) 
Diversion (362) 
Extrusion of Dead Animals 
Fencing (382) 
Field Borders (386) 
Filter Strip (393) 
Firebreak (394) 
Fishpond Management (399) 
Freezing of Dead Animals 
Grade Stabilization Structure ( 41 0) 
Grassed Waterway or Outlet (412) 
Grasses and Legumes in Rotation ( 411) 
Heavy Use Area Protection (561) 
Hedgerow Planting ( 422) 
Incineration of Dead Animals 
Irrigation Land Leveling (464) 
Irrigation Pit or Regulating Reservoir (Irrigation Pit) (522A) 
Irrigation Pit or Regulating Reservoir (Regulating Reservoir) (5228) 
Irrigat ion Storage Reservoir (436) 
Irrigation System, Sprinkler (442) 
Irrigation System. Surface and Subsurface ( 443) 
irrigation System, Tail water Recovery ( 447) 
Irrigation Water Conveyance: Aluminum Tubing (430AA) 
Irrigation Water Conveyance: Asbestos-Cement ( 43088) 
Irrigation Water Conveyance: Nonreinforced Concrete ( 430CC) 
Irrigation Water Conveyance: High Pressure Underground Plastic (430DD) 
Irrigation Water Conveyance: Low Pressure Underground Plastic (430EE) 
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Irrigation Water Conveyance: Steel (430Ff) 
Irrigation Water Conveyance: Reinforced Plastic Mortar (430GG) 
Irrigation Water Management (449) 
Land Smoothing (466) 
Livestock Exclusion (472) 
Mulching (484) 
Nutrient Management (680) 
Pasture and Rayland Management (510) 
Pasture and Hayland Planting (512) 
Pipeline (516) 
Planned Grazing System (566) 
Pond (378) 
Pond Sealing or Lining: Flexible Membrane (521A) 
Pond Sealing or Lining: Soil Dispersant (521 B) 
Pond Sealing or Lining: Bentonite Sealant (521 C) 
Pond Sealing or Lining: Cationic Emulsion Sealant (521D) 
Pond Sealing or Lining: Asphalt-Sealant Fabric Liner (521E) 
Proper Grazing Use (528) 
Pumping Plant fo r Water Control (533) 
Range Seeding (550) 
Rendering of Dead Animals 
RoofRunoffManagement (558) 
Row Arrangement (557) 
Sediment Basin (350) 
Spoilbank Spreading (572) 
Spring Development (574) 
Streambank and Shoreline Protection (580) 
Stream Channel Stabilization (584) 
Stripcropping- Contour (585) 
Stripcropping- Field (586) 
Structure for Water Control (587) 
Subsurface Drain (606) 
Surface Drainage: Drainage Field Ditch (607) 
Surface Drainage: Drainage Main or Lateral (608) 
Terrace ( 600) 
Tree Planting (612) 
Trough or Tank (614) 
Underground Outlet (620) 
Waste Management System (312) 
Waste Storage Pond (425) 
Waste Storage Structure (313) 
Waste Treatment Lagoon (359) 
Waste Utilization (633) 
Water and Sediment Basin (638) 
Wells (642) 
Wildlife Habitat Management (645) 
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Karst BMPs and potential karst BMPs are in bold print 
KARSTIC BEST MANAGEMENT PRACTICES (BMPs) 
KARSTIC BMPs 
Anaerobic Digestion of Liquid Waste 
Approved Dead Animal Burial 
Composting Facility (312A) 
Critical Area Planting (342) 
Dead Poultry Composting Facility (312A) 
Deferred Grazing (352) 
Fencing (382) 
Field Borders (386) 
Grassed Waterway or Outlet (412) 
Heavy Use Area Protection (561) 
Incineration of Dead Animals 
Nutrient Management (680) 
Trough or Tank (614) 
Waste Management System (312) 
Waste Storage Structure (313) 
Waste Utilization (633) 
POTENTIAL KARSTIC BMPs 
Commercial Dead Animal Disposal Services 
Extrusion of Dead Animals 
Freezing of Dead Animals 
Rendering of Dead Animals 
Filter Strip (393) 
Livestock Exclusion ( 472) 
Pasture and Hayland Management (510) 
Pond (378) 
Proper Grazing Use (528) 
Spring Development (574) 
Waste Storage Pond (425) 
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